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PREFACE

The mission of the National Telecommunications and Information Administration (NTIA) is to
promote the technological development and economic competitiveness of the U.S.
telecommunications and information industries in order to benefit the people of the United States.
Among its many activities, NTIA oversees the Telecommunications and Information Infrastructure
Assistance Program (TIIAP).

TIIAP supports National Information Infrastructure (NII) planning activities and demonstration
projects at the grassroots level throughout the Nation, and provides a partnering model that
accelerates development of the NII by leveraging private investments with limited Federal dollars.
In 1994, TIIAP provided $24.4 million for 92 grants in 45 states and the District of Columbia to
plan, test, and/or stimulate NII activities by non-profit institutions (school districts, public
libraries, local governments, etc.). Project partners contributed $40 million in matching funds,
resulting in a total investment in public infrastructure of $64.4 million.

The Institute for Telecommunication Sciences (ITS) is the chief research and engineering arm of
NTIA. ITS has prepared this report in support of the objectives of TIIAP. It is available
electronically through the ITS Home Page on the World Wide Web at http://www.its.bldrdoc.gov.
More information about ITS, NTIA, and TIIAP can also be found by visiting this Web site.

Certain commercial systems, equipment, and services are identified in this report. In no case does
such identification imply recommendation or endorsement by NTIA, nor does it imply that any
of these systems, equipment, or services are the best available.
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EXECUTIVE SUMMARY

It is a top priority of the Clinton Administration to develop an advanced National Information
Infrastructure (NH) that will deliver to all Americans the information they need when they want
it and where they want it, at an affordable price. Extending the NII into inner cities and rural
areas is of particular concern to the Administration. In an April speech at Educom's National
Net '95, Larry Irving, Assistant Secretary for Communications and Information, U.S. Department
of Commerce, stated

We believe the following four goals are essential to promote universal and equitable access to the
NII: (1) preservation and advancement of the concept of universal service, (2) promotion of
community partnerships, (3) continued support for universities and research institutions, and
(4) outreach to underserved communities... We need to ensure that inner city and rural residents
are informed about the opportunities that exist and the best ways of harnessing them for their
communities. These communities need to know what technologies and applications are available,
what existing infrastructure they have and need, and what has worked for similar communities.

The Rural Information Infrastructure (RII) is the part of the NII that will reach into America's
rural areas, providing access to a broad range of information and information services. The
purpose of this report is to contribute to the development of the RII by

defining a set of distinct voice, computer, and video telecommunication services.
describing rural information applications that make use of these services.
surveying various wireline and wireless systems and technologies that are being used
or might be used to deliver these services to rural areas.

Telecommunication Services and Information Applications

The approach taken in this study to analyze the availability of technologies for the RII begins with
the definition of a set of telecommunication services. These services, listed below, represent
major classes of telecommunication capabilities that already exist or are expected to become
available in urban areas as the NII evolves:

Two-way Voice
Multiple-way Voice Teleconferencing
Multiple-channel Audio Programming
Low-speed Computer Networking
Medium-speed Computer Networking
High-speed Computer Networking

Very High-speed Computer Networking
Video Conferencing, Lossy
Video Conferencing, Broadcast Quality
Multiple-channel Video Programming
Video on Demand
Interactive Video.

Rural information applications include electronic mail, remote access to computer-based data,
distance learning, local area network interconnection, electronic commerce, and electronic
government. This list of applications is meant to be illustrative rather than exhaustive; creative

vii



users are constantly devising new ways to apply information technology. The key point is that
to support a range of important and beneficial information applications, rural users require access

to a wide variety of telecommunication services.

Wire line and Wireless Systems and Technologies

A number of wireline and wireless systems and technologies may be able to deliver
telecommunication services to rural areas. These include

Wire line: Public Switched Telephone Network
Cable Television
Computer Communication Networks.

Wireless: Land Mobile Radio
High Frequency (HF) Radio
Terrestrial Broadcasting
Multichannel Multipoint Distribution Service
Wireless Telephone Systems
Radio Paging
Packet Radio
Wireless Local Area Networks
Wireless Digital Modems
Satellite Systems.

The capabilities of these systems and technologies vary considerably, as does the degree to which

they are or can be made available in rural areas.

Conclusions

The following general conclusions can be drawn concerning the development of the RII:

It is desirable to have access to telecommunication services in rural areas that
approaches that available in urban areas.

Distance and low population density are the distinctive features of rural areas affecting
telecommunications. These factors increase the costs of providing telecommunication
services. In addition, systems and technologies developed for urban areas may be less

than optimal for rural areas.

The distances involved in living in rural areas increase the benefit and therefore value

of teleconununication services. Telecommunication enables applications such as
distance learning that can alleviate or eliminate some rural disadvantages.
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Telecommunication can make rural areas more attractive for some businesses and
result in revitalization of the rural economy.

The effects of deregulation on rural areas are less certain than on urban areas and
should be carefully watched by regulators. Rural areas may not be able to support
several competitive service providers. Multiprovider markets should be developed
wherever feasible in both urban and rural areas as a means to reduce costs and spur
innovation. Where a given market fails and only a monopoly service provider exists,
policymakers should prescribe appropriate regulations to protect the public interest.

Historically, the deployment of telecommunication capabilities in rural areas has been
delayed relative to deployment in urban areas. This has been due to the inability of
rural areas to compete with urban areas for capital, since rural areas do not offer as
high a return on investment. Telephone cooperatives have proven to be effective in
accelerating the deployment of new technology. Telecommunication cooperatives
could be an effective way of reaching rural areas with the NII.

Government regulations and policies will play an essential role in the development of
the RII. Different regulations and policies will likely be required in rural areas than
in urban areas.

The technical deployment of advanced telecommunication capabilities may not be very
different in small towns than it is in urban areas. Reaching isolated homes and
businesses in farming areas and especially remote desert and wilderness areas will be
difficult, and will require technology deployments different from that in urban areas.

The following conclusions can be drawn concerning the assessment of technologies to support the
RII:

Numerous technologies can support all of the voice and audio telecommunication
services. In many cases, those technologies are available to rural consumers today and
competition by various providers may be viable.

Numerous technologies are available in rural areas to provide low-speed computer
networking service, such as dial-up access to computer networks via the PSTN. As
demand increases for faster transmission speeds, current implementations of
technologies will prove inadequate to meet that demand.

High-speed and very-high speed computer networking services could effectively
support the transmission of voice, data, and video information. Theoretically, a single
infrastructure could be used to extend the NII into rural areas. Technical, regulatory,
and economic barriers, however, may render this impractical.

No technologies presently support all of the video telecommunication services. Video
programming is provided in rural areas by terrestrial broadcasting, cable TV, and
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satellite broadcasting. In more remote regions, however, only satellite broadcasting
provides video programming on a par with that available in urban areas. Video
conferencing can be provided over switched digital circuits or narrow-band ISDN and
is available in some rural areas. Video on demand and interactive video are planned
but will be provided by select technologies that probably cannot economically reach
farms, ranches, and isolated homes.

It is likely that new technology will need to be developed to economically deliver
advanced computer networking and video services to individual farms, ranches, and
isolated homes. A wireless technology will most likely be required, and certainly the
most remote users can only be reached by wireless technology.
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1

INTRODUCTION

Many of America's rural areas show signs that raise concern for their future: loss of economic
vitality, a relative decline in income, high unemployment, low workforce participation, and an
exodus of talent. Advances in communication and information technologies, however, can reduce
the barriers of distance and space that disadvantage rural areas (Office of Technology Assessment,
U.S. Congress, 1991).

Gregory Lawrence (1994), in a paper that was presented at the U.S. Agricultural Information
Network National Conference, expands on this point:

The economic, educational, and social needs of rural America are complex, diverse, and dynamic.
Rural communities are trying to cope with intense global competition for agricultural markets, a
declining industrial base, an aging population, and the need for better schools, health care, and
human services. These problems are aggravated by the fact that rural America is information
poor. Using almost any scale of measurementradio and television market access, numbers and
sizes of libraries, newspapers, bookstores, schoolsrural counties trail urban and suburban areas
in delivery of information goods and services. This information poverty threatens a further decline
in the precarious economic health of rural America. In a transformed world economy, driven by
information exchange, isolation becomes irrelevance.

A study published by the Organization for the Protection and Advancement of Small Telephone
Companies (OPASTCO, 1994) concludes, "Telecommunications could serve as a lifeline piping
in the quality education, health care, and jobs crucial to maintaining rural communities as vital
production components of the national economy, but rural subscribers and communities will not
be able to take advantage of these benefits if access to telecommunication services is priced
beyond their reach."

It is a top priority of the Clinton Administration to develop an advanced National Information
Infrastructure (NH) that will deliver to all Americans the information they need when they want
it and where they want it, at an affordable price. Extending the NII into inner cities and rural
areas is of particular concern to the Administration. According to Larry Irving, Assistant
Secretary for Communications and Information, U.S. Department of Commerce (1995),

We believe the following four goals are essential to promote universal and equitable access to the
NII: (1) preservation and advancement of the concept of universal service, (2) promotion of
community partnerships, (3) continued support for universities and research institutions, and
(4) outreach to underserved communities...We need to ensure that inner city and rural residents
are informed about the opportunities that exist and the best ways of harnessing them for their
communities. These communities need to know what technologies and applications are available,
what existing infrastructure they have and need, and what has worked for similar communities.
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The Rural Information Infrastructure (MI) is the part of the NII that will reach into America's
rural areas, providing access to a broad range of information and information services.

1.1 Purpose and Scope

The purpose of this report is to contribute to the development of the RII by

defining a set of distinct voice, computer, and video telecommunication services.
describing rural information applications that make use of these services.
surveying various wireline and wireless systems and technologies that are being used
or might be used to deliver these services to rural areas.

Numerous references are cited as sources for additional information. Appendix A contains a list
of acronyms and abbreviations used in this report. Appendix B summarizes the results of Institute
for Telecommunication Sciences (ITS) measurements of rural radio spectrum usage in Eureka,
California.

This report is intended to serve as a resource for

Federal, state, and local legislators, regulators, economic development officials, and
other policy makers.
providers of telecommunication services to rural areas.
rural users of telecommunication services, including schools, libraries, health care
organizations, businesses, local governments, and individuals.

1.2 Defining Rural Areas

Farms, ranches, and small towns are all intuitively associated with rural areas. Such intuition
grasps the fundamental characteristic of rural areas, low population density. It is useful, however,
to explore a statistical description used by the Office of Management and Budget (OMB) to help
gain an increased understanding of how much of America can be considered rural.

OMB divides the United States into county-based Metropolitan Statistical Areas (MSAs) and
nonmetropolitan areas. A county is included in an MSA if

1) it contains a city with a population of at least 50,000; or
2) it contains an urbanized area' with a population of at least 50,000 and a total

metropolitan population of at least 100,000; or
3) it has strong economic and social ties to .a central county containing the main city or

urbanized area.

' According to the Census Bureau, an urbanized area consists of a central city and the contiguous, closely
settled area outside the city's political boundaries.

1-2
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For example, the Colorado Springs, Colorado MSA includes a single county with a single large
city. The Indianapolis, Indiana MSA includes a single large city located in Marion County, but
it also includes eight surrounding counties that are relatively densely populated. The Las Vegas,
Nevada MSA includes a single large city located in Clark County, but it also includes sparsely
populated Nye County. Ten counties in the state of Iowa are included in MSAs, but the remaining
89 counties are considered nonmetropolitan. Figure 1-1 shows the areas of the continental United
States designated as MSAs.2

Figure 1-1. Metropolitan Statistical Areas in the continental United States. (Source: U.S. Bureau
of the Census, 1990).

According to 1994 population estimates, approximately 80% of the total U.S. population of 259.6
million people live in MSAs (Rand McNally, 1995). The remaining 20%, 52.4 million people,
live in nonmetropolitan counties. Nonmetropolitan counties, however, comprise approximately
80% of the land area in the country (U.S. Bureau of the Census, 1994).

Some counties included in MSAs contain portions that are sparsely populated and located a
considerable distance from the nearest city. Many of these areas do not have a telecommunication
infrastructure adequate to support the information needs of local school districts, libraries, health
care providers, businesses, governments, and private citizens. For the purposes of this report,

MSAs in Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont are defined in
terms of cities and townships rather than counties.
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we adopt a broad definition of rural areas that includes not only nonmetropolitan counties, but also
sparsely settled and distant portions of MSAs.

It is important to note also the diversity inherent within the socioeconomic fabric of rural areas
(Saw Imey, 1992). A close look reveals significant differences in topographic features, natural and

human resources, population distribution, economic activities, and cultural norms.
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2
TELECOMMUNICATION SERVICES AND
RURAL INFORMATION APPLICATIONS

This section defines voice and audio, computer, and video telecommunication services that are of
interest to rural users. It also describes applications that make use of these services to help
schools, libraries, health care organizations, businesses, governments, and individuals in rural
areas access and deliver information more effectively.

The telecommunication service definitions are generic; they do not specify particular technologies.
Rural information applications can thus be discussed in terms of the services they require rather
than specific technologies. After the survey of wireless and wireline technologies in Sections 3
and 4, Section 5 compares the various technologies in terms of the services that they can deliver.

2.1 Voice and Audio Telecommunication Services

The frequency components of human speech typically range from 100-6,000 Hz, but most of the
speech energy is contained between 300 and 3,300 Hz (Rowe, 1988). Hence, a 3,000-Hz
bandwidth is required to accommodate voice telecommunication. The human ear can typically
hear frequencies from 50-15,000 Hz, so a bandwidth of approximately 15 kHz is required to
accommodate high-quality audio telecommunication services. Voice and audio telecommunication
services include the following:

Two-way Voice, Fixed. This service allows two users to communicate by voice using
fixed transceivers.

Two-way Voice, Mobile/Portable. This service allows two users to communicate by
voice when one or both of them are able to move about (within certain spatial limits). The
voice transceivers may be mounted in a vehicle (mobile) or handheld (portable).

Multiple-way Voice Teleconferencing. This service is an extension of two-way voice
service, and allows multiple users at different locations to communicate by voice. It is
largely a function of telecommunication network control and switching capability. Voice
transceivers may be fixed, mobile, or portable. One user may speak to many listeners,
and each listener is also able to become the speaker.

Multiple-channel Audio Programming. This service allows users to choose from among
several audio programs for educational, informational, or entertainment purposes. The
user is not able to interact with the information provider to make programming or
scheduling changes in real time.
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2.2 Computer Telecommunication Services

Computer telecommunication services facilitate communication between computers or terminal
devices. A transmission may consist of only a few hundred bits to send an electronic mail
message, or it may consist of several million bits to send a single complex image. Successful
transmissions depend on well-defined conventions (protocols) which govern the format and timing
of information exchange. The protocols include mechanisms to detect and correct bit errors,
which may occur due to a variety of factors.

One-way communication or broadcasting of data is adequate for some applications. One example
is the broadcasting of stock market data to handheld receivers. Another example is the future
broadcasting of road, weather, and traffic conditions to vehicles. Such wireless broadcasting of
data can most economically be provided through the use of radio and television broadcasting
facilities; these technologies are discussed in Section 4. Because of the close relationship between
data broadcasting and traditional broadcasting technology, data broadcasting is not included in the

set of computer telecommunication services defined here.

Different applications require different levels of computer telecommunication service performance
to provide adequate response to users. Factors that affect performance include transmission speed
(measured in bits per second; bps), type of network switching, type of network protocol, and
degree of network loading. For the purposes of this report, services are categorized below based

on transmission speed:

Low-speed Computer Networking, Fixed. This service allows fixed computers or
terminal devices to communicate at transmission speeds less than 56 kbps.

Low-speed Computer Networking, Mobile/Portable. This service allows mobile or
portable computers or terminal devices to communicate at transmission speeds less than
56 kbps.

Medium-speed Computer Networking. This service allows fixed computers or terminal
devices to communicate at transmission speeds from 56 kbps to 2 Mbps.

High-speed Computer Networking. This service allows fixed computers or terminal
devices to communicate at transmission speeds from 2-45 Mbps.

Very High-speed Computer Networking. This service allows fixed computers or
terminal devices to communicate at transmission speeds above 45 Mbps.

2.3 Video Telecommunication Services

Digital video applications are among the most demanding in terms of the bandwidth required and
the time sensitivity of the information. Traditional broadcast-quality video transmission requires

a bandwidth of several megahertz. Digital compression/decompression techniques are
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increasingly used to reduce this requirement, but such techniques may result in a loss of spatial
or temporal resolution.' Video telecommunication services include the following:

Video Conferencing, Lossy. This service allows users at two or more locations to
communicate by both sound and sight. Multiple video monitors may be used at each site,
or users may monitor a single site for video and listen to only the audio from other sites.
Another variation is to distribute a video signal to many sites and return only audio from
these sites. Transmission speeds of less than 2 Mbps accommodate only highly
compressed video signals. Motion in the received video is typically perceived as a series
of distinct snapshots (jerky) rather than as smooth and continuous, moving objects may be
characterized by reduced sharpness of edges and reduced spatial detail (smearing), and the
entire image may be blurred. The level of video impairment will vary depending on the
content of the source and the compression/decompression algorithms used. Video
provided through voice-bandwidth channels has not been widely accepted. Advances in
compression technology are eventually expected to result in improved` video quality at low
transmission speeds, but the timetable for these advances is uncertain.

Video Conferencing, Broadcast Quality. This service allows users at two or more
locations to communicate by both sound and sight. Transmission speeds ranging from
2-45 Mbps still require compression/decompression of the video signals, but the video
images are generally broadcast-quality or better.

Multiple-channel Video Programming. This service allows users to choose from as
many as several hundred broadcast-quality video programs for educational, informational,
or entertainment purposes. The user is not able to communicate directly with the video
provider to make programming or scheduling changes.

Video On Demand. This service allows users to select a video program to view and the
time that the program will be delivered. User communication with the video provider may
be over the same telecommunication system that delivers the video. Once the video
programming starts, however, the user has no more control over program delivery.

Interactive Video. This service is similar to video on demand, but users have additional
capabilities. The simplest form of interactive video allows users to stop, rewind, fast
forward, and freeze the motion of the video program as it is delivered. A more versatile
form of this service allows users to interact with the video program at various prompts.
For example, if the video program were an educational presentation on cooking, users
might be allowed' to select from cooking entrees, side dishes, or desserts. If a user
selected entrees, the program might then offer new options, like preparing fish, beef, or
pork entrees. With interactive video, users can control the delivery of the video program
and make real-time selections of content.

' See the Rural Multimedia Quality of Service Handbook, a multimedia compact disc published by ITS, for
definitions of terms that describe video performance. The Handbook also contains video clips which illustrate
impairments that may be associated with digital video compression techniques.

2-3
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2.4 Rural Information Applications

The telecommunication services identified above can be used in a variety of ways to enhance
information access and delivery in rural areas. Key rural information applications include
electronic mail, remote access to computer-based data, distance learning, local area network
(LAN) interconnection, electronic commerce, and electronic government.

2.4.1 Electronic Mail

Electronic mail allows individuals to exchange messages over a network with other individuals
or groups. Messages may include text, images, appended files, even audio or video clips,
depending on the implementation of the mail application. Users may send or retrieve messages
at their convenience, thus avoiding the interruption of a telephone call or the frustration of
"telephone tag." Sending a message does not involve traveling to a post office or preparing an
envelope, and delivery is quick, usually within minutes.

Electronic mail could allow students in a rural school to exchange information with peers or
subject matter experts in other towns, states, or countries. It could allow a rural physician to
confer with a specialist in a large metropolitan area, or to broadcast a reminder to parents about
teaching proper hygiene to their children during cold and flu season. A rural business could
establish an electronic mail "hotline" to take and respond to questions from customers.

An electronic mail application requires relatively little in terms of telecommunication services.
Messages are typically short and are not expected to be delivered in real or near-real time. Low-
speed computer networking service is adequate; in addition to fixed capability, rural users will
likely be interested in mobile/portable capability to allow communication with those whose work
takes them out of a traditional office environment.

2.4.2 Remote Access to Computer-based Data

Remote access capability allows rural users to log on to bulletin board systems, subscribe to
commercial on-line services, or tap the resources of the Internet (including the World Wide

Web).2 In each case, a different local software configuration is required. The quantity of
information available from remote sources varies, but remote users are typically able to

browse documents, images, and databases on a variety of topics.
transfer files to or from the remote system.
submit data and run programs on a remote system; receive program output.
participate in on-line forums or discussion groups on specific topics (may be live).
send and receive electronic mail messages.
shop for goods and services.

2 Commercial on-line services provide varying levels of Internet access in addition to their other offerings.
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Remote access could allow rural students to search the Library of Congress and other on-line
sources for the latest information on a topic. A rural physician could consult an on-line database
to help diagnose a difficult case or track new medical developments. A rural business could set
up an on-line forum to distribute information on new products, announce upgrades to existing
products, and publish responses to questions from customers. A sheriff's deputy could query an
on-line database to determine if a driver that had been stopped had a criminal record or any
outstanding warrants. Rural libraries could allow citizens to locate and access a wealth of
information in electronic formats rather than in hard copy or other physical formats.

Depending on the type of information and speed of response desired, a remote access application
may make use of low-, medium-, or high-speed computer networking services. Some users might
find the performance of a low-speed computer networking service inadequate for transferring files,
browsing multimedia World Wide Web documents, or running an interactive program on a remote
host computer. As the number of users accessing remote resources from a single location (a rural
high school, for example) increases, the number or capacity of access circuits must also increase
to maintain an adequate level of service.

2.4.3 Distance Learning

Distance learning can take several forms. The classic form links a distant instructor by live video
to a class of students; sessions are regularly scheduled. Another form links a subject matter
expert by live audio or video to a class of students for a special interactive session, perhaps
involving a demonstration from a laboratory or field project. A third form links teachers and
students at different locations to exchange information or work together on a common project.
Yet another form allows students to use material prepared in advance by an instructor and stored
electronically for later retrieval (i.e., prerecorded audio or video programs).

Distance learning capability could enable rural high school students to take foreign language
classes not normally offered by local faculty. A rural physician could observe a new surgical
procedure without making a trip to a university hospital that could be several hundred miles away.
Rural businesses and governments could bring training to employees rather than sending
employees to distant urban centers for training.

The different forms of distance learning make use of many different telecommunication services.
Any of the voice or video telecommunication services identified in Sections 2.1 and 2.3 could
provide some level of distance learning capability. The broadcast-quality video conferencing and
interactive video services, however, facilitate closer approximation of live classroom interaction
between a teacher and students.

2.4.4 LAN Interconnection

Most organizations operate with the assistance of computers, and in many cases network these
computers locally to enhance productivity. If an organization operates from more than one
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location, it is to its advantage to link its LANs together. LAN interconnection allows users to

access and circulate information throughout an organization.

Interconnected LANs could allow teachers, students, and administrators throughout a rural school

district to exchange electronic mail and share data, software applications, and computing

resources. Employees of a rural business could enjoy the same benefits if their LAN were
interconnected with LANs at other corporate locations. LAN interconnection capability could
make a rural area more attractive as a location for a new business. Government offices in rural

areas could enhance information exchange with their counterparts in other areas, either rural or

metropolitan.

LANs typically operate at transmission speeds ranging from 4-100 Mbps. If inter-LAN traffic
is light, low-speed computer networking service may be adequate for interconnection, but it is
generally more effective to use medium-speed or high-speed computer networking service. If

inter-LAN traffic involves frequent database queries, large file transfers, and heavy client-server

interaction, very high-speed computer networking service may be needed.

2.4.5 Electronic Commerce

Common business functions such as placing and taking orders, shipping products, and billing
customers have traditionally entailed the transfer and processing of paper documents. Electronic
commerce involves the exchange of information via facsimile machines, terminals, computers, and

telecommunication networks. Many of the transactions are automated. By reducing or
eliminating the prolonged and often error-plagued paper trail, businesses are able to gain a
competitive advantage by streamlining transactions with their suppliers and customers. According

to the Committee on Applications and Technology of the Information Infrastructure Task Force

(NIST, 1994),

An advanced national electronic commerce capability will be comprised of interconnected
communications networks; advanced computer hardware and software tools and services;
established business transaction, data exchange, and interoperability standards; accepted security

and privacy provisions; and suitable managerial and cultural practices. This infrastructure will
enable diverse and distributed companies throughout the nation to rapidly, flexibly, and securely
exchange and, more importantly, use information to drive their business processes.

Electronic commerce capability could enable rural businesses to

authorize credit card purchases or transfer funds electronically.
negotiate with distant suppliers and customers quickly via facsimile, electronic mail,

or video conferencing.
order material and supplies automatically when inventories run low.
reach distant markets by advertising and taking orders over the Internet.

Users can acquire different levels of electronic commerce capability using a variety of
telecommunication services. Facsimile transmission requires only a low-speed computer
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networking service, while exchanging electronic documents containing text and complex diagrams
is better suited to a medium-speed computer networking service. Troubleshooting a difficult
quality control problem might call for a broadcast-quality video conferencing service to connect
several involved parties.

2.4.6 Electronic Government

ElectroniC government overcomes barriers of time and distance to conduct business efficiently and
provide public information and services when and where constituents want them. It can swiftly
transfer funds, answer questions, collect and validate data, and keep information flowing smoothly
within and outside government. Today's information technologies make possible the creation of
"virtual agencies" that provide access to integrated program information and services organized
around particular themes (e.g., unemployment assistance), rather than bureaucratic structures.
In a virtual agency, several interconnected intergovernmental agencies will be able to provide
information and services in a seamless manner (NIST, 1994).

Joseph Wiencko, Jr., Project Manager for the Blacksburg Electronic Village in Virginia, identifies
several services that a rural electronic government could offer (1993):

Establishment of an "electronic town hall" in which people can communicate
informally with each other and with town leaders by electronic mail to facilitate civic
service and community improvement projects.

Electronic bulletin boards and electronic conferences to inform citizens about current
and future town events, town improvement plans, and ideas for future activities, and
to allow each citizen a voice in discussing the relative merits of particular ideas and
approaches.

On-line processing of various registrations, permits, and licenses.

Distribution of town meeting minutes and other civic information without the delays
and expense associated with printing and mailing.

As with other rural information applications, a wide range of telecommunication services could
be used to support electronic government. These include two-way and multiple-way voice, low-
speed to high-speed computer networking, video on demand, and interactive video.

2.5 Summary

The telecommunication services listed in Sections 2.1 through 2.3 enable a variety of information
applications that can help rural areas overcome the barriers of distance and space that disadvantage
them. The discussion of applications in Section 2.4 is meant to be .illustrative rather than
exhaustive; creative users are constantly devising new ways to apply information technology.
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It is useful, however, to compare the telecommunication services used by the various applications

to see which services are used most often. Table 2-1 provides such a comparison.

Table 2-1. Telecommunication Services Used by Rural Information Applications
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Two-way Voice, Fixed

Two-way Voice, Mobile/Portable

Multiple-way Voice Teleconferencing

Multiple-channel Audio Programming

Low-speed Computer Networking, Fixed

Low-speed Computer Networking, Mobile/Portable

Medium-speed Computer Networking

High-speed Computer Networking

Very High-speed Computer Networking

Video Conferencing, Lossy

Video Conferencing, Broadcast Quality

Multiple-channel Video Programming *
Video on Demand

Interactive Video

* An electronic government could make use of perhaps one or two channels of a multiple-channel video programming

service to broadcast community information, city council meetings, public hearings, etc.

Table 2-1 shows that no service supports all applications, though a fixed low-speed computer
networking service will support a low level of capability for many applications. It is clear that

to support a range of important and beneficial information applications, rural users require access

to many different kinds of telecommunication services. Sections 3 and 4 of this report explore
various wireline and wireless technologies that can be used to deliver these services.
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3
WIRELINE SYSTEMS AND TECHNOLOGY

In a wireline system, the user interface to the communication system involves a physical
connection via some fixed transmission medium. This transmission medium may be in the form
of pairs of copper wire, coaxial cable, or fiber optic cable. The type of transmission medium used
presents some fundamental limitations on the bandwidth, and hence the type of telecommunication
services, that can be supported. In general, systems using fiber optic cable can support the largest
bandwidth, systems using coaxial cable can support the next largest bandwidth, and systems using
copper wire pairs can support the smallest bandwidth. Aside from the transmissionmedium itself,
the equipment required to facilitate transmission over this medium also limits the bandwidth and
type of telecommunication services that can be supported.

There are three principal types of wireline networks in the United States today: the public
switched telephone network (PSTN), the cable TV network, and numerous varieties of computer
networks. Each of these types of wireline networks was initially designed to provide primarily
one specific telecommunication service. For example, the PSTN was developed to provide two-
way voice communication to as much of the population as possible. The cable TV network was
developed to provide a one-way, multiple-channel video programming service. Computer
networks evolved around the efficient transmission of data. While these systems were initially
developed to provide a particular telecommunication service, different forms of telecommunication
services are now being provided over these networks. As an example, the PSTN is being used
to provide fax service and low-speed data communications through the use of voice-band modems.
Voice and data communications over cable TV networks are being considered. Computer
networks, with the capability to transmit data, are routinely used to transmit both digitized voice,
audio, and video (primarily still images at the present time). The most common example of a
computer network currently being used to transmit data, voice, audio, and images is the Internet.

In this section, the three principal types of wireline networks are discussed. Descriptions of these
networks and the systems and technologies used in these networks are presented with particular
emphasis on applications in rural areas. Example costs of these systems are given where
applicable. The bandwidth and types of telecommunication services that can be supported over
these networks are also discussed.

3.1 Public Switched Telephone Network

The PSTN is a telecommunications network that was developed to provide two-way voice
communication to many users. Telecommunication networks provide a means of interconnection
(via transmission paths) between users allowing all users to communicate with each other.
Probably the most fundamental type of network consists ofa direct line (sometimes called a link)
from every user to every other user within the network. This type of network is called a mesh
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network. While mesh networks work well for a small number of users, the number of lines
required quickly becomes unmanageably large as more and more users are added. Since the
PSTN has a tremendous number of users, a different type of network is used. By connecting all
users to a central location, and providing a switch to connect any user to any other user, the
number of required links can be greatly reduced. This type of network is called a star network.

In the PSTN, telephone lines from users in a given local area all connect to a switching office at
a central location called the central office (CO) or end office (BO). The basic network
configuration is a star network. The size of the local area is dependent on the number of
telephone users in the area. Therefore, in an urban area, a single CO may only connect users
within a small area. Conversely, in rural areas, a single CO may connect users spread out over
a wide area. At each CO is a switch that is used to connect any user to any other user. The
switch sets up and releases the required lines to connect a specific user to another.

Telephones are connected to the CO by the local loop. The local loop typically consists of a drop
wire, distribution cable, and feeder cable. The drop wire usually consists of a twisted pair of
copper wires coming from the end user's telephone wiring (called premise wiring). Drop wires
from a group of users are combined to form a distribution cable. Several of these distribution
cables are then combined to form a feeder cable. The feeder cable then provides the connection
to the CO (Rowe, 1988, pp. 128-129). The feeder cable is usually a large multipair cable
containing up to 2700 copper wire pairs. The distribution cable is usually a smaller multipair
cable. Fiber optic cable is beginning to appear as an alternative feeder cable and has been
discussed for use in the distribution cable as part of the Fiber to the Curb (FTTC) concept
(Calhoun, 1992, pp. 63, 410, 551).

The PSTN in the United States has approximately 20,000 COs. COs, like individual users, could
be connected together in a mesh network but because there are so many COs, too many trunks'
would be required. Therefore, COs are connected together with trunks by a network structure
other than a mesh network. Before the breakup of AT&T, AT&T had a five -level hierarchy for

Iconnecting COs. In this hierarchy, COs were the lowest-level switching office. Ea Ch CO within
a given area was connected to a central location called a toll center using a star network. Within
a larger area, each toll center was connected to a central location called a primary center again
using a star network. This process of connecting lower-level switching offices to a switching
office at the next higher level continued, providing two more levels of switching offices (sectional
centers and regional centers, respectively). Besides this strict hierarchical network structure,
additional trunks that connected switching offices at one level with switching offices of the same
or different levels were included to improve circuit availability and reliability.

After the divestiture of AT&T, although the fundamental concepts of a hierarchical network based
on a star network with additional interconnecting trunks remained the same, the structure of the
PSTN changed. In the current structure of the PSTN, the United States is divided into

A trunk is a transmission path connecting two switching offices together.
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approximately 165 local access and transport areas (LATAs).2 Service is provided within each
LATA by local exchange carriers (LECs). The LECs include the Bell Operating Companies
(BOCs) as well as over 1300 independent telephone companies (Bellamy, 1991; OPASTCO, 1994,
Appendix F). The LATAs were defined to place restrictions on the BOCs for carrying traffic
between LATAs. Inter-LATA traffic must be carried by long-distance carriers called
interexchange carriers (IXCs) and cannot be carried by BOCs. Likewise, an IXC cannot provide
infra -LATA service (Beilamy, 1991). The IXC connects to a LATA at a single point called the
point of presence (POP) within the LATA. The network structure within the LATAs is
determined by the LECs within that LATA. Only one intermediate switching office between the
CO and the POP is allowed, however. These restrictions on service, as well as other
telecommunication regulations, may be impacted by telecommunication legislation currently
pending before Congress.

Trunks providing connections between switching offices are implemented with various
transmission media. These transmission media can be either wireline or wireless. Wireline
transmission media include multipair copper wire, coaxial cable, and fiber optic cable. Wireless
transmission media include microwave radio and satellite.

The various types of transmission media can support signal bandwidths that are much greater than
the 4-kHz bandwidth necessary for a single voice channel. In the case of wireline transmission
media for a network with a large number of users, it is very inefficient if an individual wire pair,
coaxial cable, or optical fiber is used to transmit only one voice 'signal. Methods of combining
and transmitting many voice channels over a single transmission medium have been devised.
There are two primary methods for doing this: frequency-division multiplexing (FDM) and time-
division multiplexing (TDM). TDM is primarily used with digital signals whereas FDM can be
used with either analog or digital signals.

In FDM, the bandwidth of the transmission medium is divided into a large number of channels.
Each channel can then carry an individual conversation. In this way, many voice channels can
be provided over a single transmission medium. A standard hierarchy for using FDM with voice
channels was developed by the Bell System. In this hierarchy, 12 voice channels are initially
multiplexed to form a group. Five of these groups are then multiplexed to form a "supergroup"
containing 60 voice channels. This process is repeated to generate up to four more levels. At the
top of the hierarchy lies the "jumbogroup multiplex" containing 10,800 voice channels.'

TDM also allows many voice channels to .be transmitted over a single transmission medium. In
TDM, the transmission medium is divided into individual time slots. Each voice channel is
assigned a particular time slot within a given period of time called a frame. These frames are then
transmitted continuously. In this way, a time slice (short segment) of a particular voice channel's
traffic is transmitted during each frame.

LATA.
2 Some areas in the United States, served entirely by independent telephone companies, are not part of a

3 Actually, capability up to 13,200 voice channels exists.
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A T-carrier system uses TDM to send many voice channels over a single transmission medium.
A TDM hierarchy was developed by AT&T and is now a North American standard. In this
hierarchy, 24 channels operating at a data rate of 64 kbps are multiplexed to form a T1 line. The
T1 line carries data at a rate of 1.544 Mbps. Four T1 lines are multiplexed to produce a T2 line
that carries data at a 6.312 Mbps rate. T3 lines operate at 44.736 Mbps and are formed by
multiplexing 28 T1 lines. Six T3 lines are multiplexed to form a T4 line operating at 274.176
Mbps. T1 lines consist of a twisted wire pair with regenerative repeaters normally spaced about
every 6000 ft. The regenerative repeaters detect and regenerate the transmitted digital data. T2
lines consist of a special low-capacitance twisted wire pair. T3 lines use either microwave radio
or fiber optic cable as the transmission medium. T4 lines may use coaxial cable, waveguide, fiber
optic cable, or microwave radio as the transmission medium.

Telecommunication services

While the PSTN was developed to provide two-way voice communication, sometimes called plain
old telephone service (POTS), other telecommunication services are possible over the existing
network. Using the PSTN for services besides two-way voice is attractive since access to the
PSTN is quite widespread in the United States. While access in rural areas is not as good as that
in urban areas, the PSTN is probably still the most easily accessible and cost-effective large
network available to rural telecommunication users. Services other than POTS that can be
provided over the existing PSTN include fax, data, and even low-speed video (e.g., the
videophone) transmission.

Because the PSTN was optimized for voice transmission, transmission of signals over ordinary
telephone lines (called voice-grade channels) is limited to those signals that have a maximum
bandwidth of about 3 kHz. In addition, signals transmitted over the PSTN-must not have DC or
other low-frequency content below about 300 Hz. Transmission of fax, data, and low-speed video
over voice-grade channels is accomplished by the use of modems. A modem is required at both
the transmit and receive ends of a circuit. The digital signal source at the transmit end is
modulated by a modem producing a signal whose frequency spectruni falls within the required
300-3000 Hz for transmission over voice-grade channels. At the receive end, the modem
demodulates the signal and reproduces the original digital signal. Data rates up to 28.8 kbps over
voice-grade channels can be achieved using voice-band modems.

Integrated Services Digital Network

A major advancement in wireline telephone service is the Integrated Services Digital Network
(ISDN). ISDN is an end-to-end digital service that permits transmission of digitized voice, video,
and data. ISDN service is based on two different types of digital communication channels: the
bearer (B) and the delta (D) channels. Each B channel permits simultaneous transmission of
digitized voice, video, or data at rates up to 64 kbps. The D channel is used for overhead
functions such as signalling and operates at a data rate of either 16 or 64 kbps. The two common
ISDN configurations are the basic rate interface (BRI) and the primary rate interface (PRI). The
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ISDN BRI consists of two B channels and one D channel and operates over a single copper wire
pair. Because the ISDN BRI line consists of two separate data channels, it can support
simultaneous operation of two communications devices such as a telephone and a computer. The
ISDN BRI line can also utilize inverse multiplexing to combine the two B channels and provide
a data rate capability of up to 128 kbps. ISDN PRI consists of 23 B channels and one D channel
and can provide data rates of up to 1.472 Mbps by combining the B channels. ISDN PRI operates
over a T1 line.

Rural telephone service

Providing access to the PSTN via wireline in rural areas can be difficult. Obstacles to providing
wireline service include extremely long distances from the CO, difficult terrain, and unavailability
of material for poles to run cables. These obstacles make wireline service very costly in certain
rural areas and can also cause difficulties in maintenance and reliability.

The average cost of installing a copper loop is quite expensive. Calhoun (1992, pp. 77-78) cites
average costs of up to $1800 per loop. In rural areas it is common to have costs that range from
$3000 to $6000 per copper loop.

A common way of reducing the costs of providing telephone service to rural users has been the
party line, where a single telephone line is shared by more than one household. Problems
associated with a party line are the lack of privacy and the decreased availability of the telephone
line. The percentage of party lines (reported by Rural Electrification Association borrowers) has
decreased substantially from 1989 to 1993. The percentage of two-party lines fell from 0.8 to
0.3% during this time period. Similarly, the percentage of four-party (or more) lines fell from
4.0% to 0.9% over this time period (Rural Electrification Administration, 1994, p. 17).

Rural telephone service differs from urban service in other ways also. The penetration of
telephone service (for the March Quarter, 1992) was 94.5% in Metropolitan Statistical Areas
(MSAs) but 91.7% in Rural Service Areas (RSAs; OPASTCO, 1994). Penetration of telephone
service is defined here as the number of households that have telephone service within an area
divided by the total number of households in that area.

In general, LECs operating in rural areas in the United States provide service to a larger
geographic area and to fewer subscribers than LECs operating in urban areas. According to
OPASTCO (1994), there is a very large difference in the average number of subscribers per route
mile and square mile between rural LECs and BOCs. While the BOCs average 130 subscribers
per route mile, the rural LECs average 6.3 subscribers per route mile. Similarly, the BOCs
average more than 330 subscribers per square mile while the rural LECs average 4.4 subscribers
per square mile.



3.2 Cable Television

Cable television's origin is in Community Antenna Television (CATV). These systems were

developed to distribute broadcast television signals in areas where they could not be acceptably

received. By the late 1960's, nearly all the areas that could benefit from CATV had been covered

and CATV growth nearly stopped.

In the mid 1970's, the ability to receive television signals from satellites breathed new life into

the industry. Now channels could be made available over cable that were not broadcast in the

local area (and therefore not receivable). Cable television's growth accelerated and continues to

this day. Now, cable television service is enjoyed by nearly 60 million U.S. households,
representing a market penetration of over 60%. Cable service is available to 95% of U.S.
households (Ciciora, 1995). There are 11,800 operating cable systems in the United States that

serve 34,000 communities (Broadcasting & Cable Yearbook, 1995).

Until the advent of fiber optics and more recent advanced twisted-pair technology, coaxial cable

was the only transmission line capable of providing a long-distance, high-bandwidth

communication channel. It was therefore the technology of choice to distribute television signals.

It is the use of coaxial cable that resulted in the common name for this service, "cable television."

The use of coaxial cable gives cable television its distinctive features and capabilities as a
communication link to the home. The typical system uses a tree structure of coaxial cable to
distribute multiple channels of video from a central source called the "headend." Amplifiers and

power splitters are used as needed. Typically, the system is only capable of carrying signals one

way, "downstream" to the home.

The number of television channels that a system is capable of carrying depends on the bandwidth

of the amplifiers and the distance between them. Operating frequency ranges, bandwidths, and

the maximum number of potential television channels (NTSC) are given in Table 3-1.

Current rural services

The expense of deploying a cable television system can be divided into two basic parts. The first

part is the cost of the headend which is primarily a fixed cost regardless of the number of

subscribers or "houses passed" (i.e., houses that the cable passes by and can access service). The

second part is the cost of the installation of the cable for distributing the television signals; this

is primarily proportional 'to distance and therefore to the number of houses passed (assuming a

uniform housing density).

It is these expenses that limit the number of rural areas in which cable television service can be

economically provided. A typical headend cost is $200,000 to $300,000. The cost of laying cable

in rural areas ranges from $7000 to $10,000 per mile. In urban areas, costs can range up to
$100,000 per mile or more. The average monthly fee for basic service is $23 (Broadcasting &

Cable Yearbook, 1995).
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Table 3-1. Cable Operating Frequencies and Maximum Number of Channels

Operating
Frequencies

(MHz)

Bandwidth
(MHz)

Maximum
Number of Channels

50 - 220 170 22

50 270 220 30

50 - 330 280 40

50 400 350 52

50 450 400 60

50 550 500 80

50 750 700 110

50 1000 950 150

There is no hard limit on the size of rural community below which cable service cannot be
provided. Although, the above costs would indicate that only communities providing more than
5000-7000 subscribers would be economical, there are many factors to be considered including
monthly fees, number of channels provided, and percentage of market penetration. For example,
one system was deployed to provide service to only 70-80 subscribers. The headend cost was keptto only $35,000 through the use of excess equipment.

Of course, in rural areas the density of homes becomes an issue. Cable television service
providers are generally unwilling to extend their cables into rural areas where the subscriber
density is less than 10 per mile. Therefore, individual farm houses are not expected to have
access to cable service given the current economics.

In summary, many rural communities already have or could have access to cable television.
Systems in smaller communities may provide a fewer number of channels in order to reduce costs.
Smaller communities may be at a disadvantage when negotiating with cable providers since larger
communities may be perceived as offering more attractive returns on investment capital.
Individual farm houses are too sparsely located for economical access to cable.

Future rural services

Many cable systems are currently upgrading to a Hybrid Fiber/Coax (HFC) network architecture.
In HFC networks, optical fiber is used for the trunks of the system that bring the television signals
to the neighborhood where they are distributed on coaxial cable. A simple schematic of the HFC
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architecture is shown in Figure 3-1. The use of fiber makes it possible to extend the range of the

network, economically increase the bandwidth, improve picture quality, and improve reliability.

The plans for other telecommunication services to be provided in the future over cable television

systems require the HFC architecture.

The partitioning of the available bandwidth in a cable system for different services and channels
is called the frequency allocation of the cable spectrum. The cable spectrum below 5 MHz is not

used. The cable spectrum from 5-50 MHz is planned to be used for "upstream" signals from,the
home. Providing a guard band for filtering results in the availability of spectrum from only 5

MHz to about 40 MHz for upstream communication in the United States. Most of the cable
spectrum from 54 MHz to the highest frequency of the particular cable system is divided into 6-

MHz channels that are used to provide the television signals to a user's television.

Headend

TVRO

Coaxial Cables
(approx. 125 homes each)

Fiber Fiber
Distribution Hub

To Other Fiber Nodes

Fiber Node
(RASP)

Figure 3-1. Example Hybrid Fiber/Coax architecture.

Many new telecommunication services to be provided over cable systems in the future will require

two-way communications. The upstream communication from the home will take place in the 5-

40 MHz frequency range. The downstream communication will most likely take place between

the highest frequency television channel provided and the highest usable frequency in the cable.

However, the design of the system is capable of carrying the downstream signals anywhere in the

downstream passband from 54 MHz to the highest usable frequency. Such new services will

decrease the maximum number of television channels the cable system can provide and in some

systems may reduce the number ofchannels actually provided.

Today, cable subscribers often need no user premises equipment other than a cable-ready
television or VCR. If the television is older and not cable-ready or the user subscribes to certain

premium channels or services, a set top box for the TV is required. However, the new



telecommunication services will require Premises Interface Devices (PIDs) to terminate the cable
network and provide the interface to the upstream and downstream frequency bands.

Although almost all systems are currently only capable of carrying downstream signals, nearly
all systems were designed to carry upstream signals as well, providing the capability for enhanced
services in the future. The amplifier housings that were deployed accommodate a plug-in
amplifier module for upstream signals from the home. This feature will reduce the costs of future
telecommunication services provided through cable.

Any deviation from the current cable spectrum frequency allocation plan to accommodate future
telecommunication services will require major modifications to the cable plant and will be
expensive. However, with forethought, the cable system can evolve to a future system that
includes a different frequency plan. This evolution of the system will distribute the major costs
involved over many years.

The plans for future telecommunication services discussed in this report are compatible with the
current cable spectrum frequency allocation plan. They are telephone service (both wireline and
wireless), High Speed Data Services (HSDS), and Video Telephony Services (VTS). The network
management of these services is planned to include dynamic frequency assignment in the upstream
and downstream bands in order to make maximum use of the spectrum available. In addition, the
network management is planned to allow the phased deployment of services beginning with POTS.
The network management must also support changes in the current television services, i.e.,
advanced television (ATV), video on demand, and interactive video. Technical details of the
cable industry's plans for these future telecommunication services can be found in Cable
Television Laboratories, Inc. (1994). The details of VTS are yet to be determined and are not
discussed.

Cable telephone service

POTS is expected to be the first telephony service made available over the HFC architecture.
Access to the service would require user premises equipment, PIDs, to interface between the radio
frequency signals on the cable and standard telephone equipment. This same equipment may
include modules for interfacing to other telecommunication services.

Typically, the number of voice-bandwidth channels that need to be made available on a cable
depends on the number of houses passed by the cable and the quality of service desired. The
performance objectives require a probability of blocking of .0005 or better. Allowing for the
possibility of a 100% subscription rate, and for 125 houses passed by a single cable, each cable
will need to carry 23 trunked, duplex voice channels for an estimated traffic intensity of 3 CCS
(hundred call seconds per hour) per subscriber.4

The number of subscribers served and the quality of service for general telecommunication systems are
discussed in more detail in Section 4.5.

3-9
33



Connection to the PSTN is made from the headend or distribution head to the Local Exchange
Carrier (LEC). Calls from one cable telephone customer to another could be carried only on the
cable.

A number of fixed, trunked, duplex voice channels could be dedicated to the telephone service
alone. Only an estimated 250 kHz to 1.25 MHz of bandwidth would be needed in both the
upstream and downstream bands. However, because of the limited amount of spectrum available
for upstream signals, it is preferable for the channels to be dynamically allocated so that the
spectrum is available for other services when not in use for telephone service. This can be done
very effectively with the wireless telephone service discussed below.

Personal communication services

Individual cable television companies and consortiums comprised of cable companies were the
largest winners of spectrum in the recent auctions held by the FCC for broadband personal
communications services (PCS). (More information on PCS can be found in Section 4.5.3 of this
report.) This will allow a number of cable companies to offer wireless telephone service.

The typical, initial deployment of this service will include several cellular telephone-like base
stations that cover large cells of 10-20 miles or more in radius. Areas within or near these cells
where radio signal coverage is not adequate will be covered by Remote Antenna Devices (RADs).
The RAD will hang from overhead cables and will therefore only be deployed where cable
television service is provided. Each of these RADs is expected to cost about $500, have a
transmitter power of about 100 milliwatts, and cover an area of up to 1000 ft in radius.

Each RAD will operate as an up-converter for transmission and a down-converter for reception,
(i.e., the radio frequency signal in the PCS band will not be significantly changed, but only
converted to or from a suitable frequency for transmission down the cable). The signals will be
processed for reception or generated for transmission at the Fiber Node (FN) in a Remote Antenna
Signal Processing (RASP) unit.

At least one large consortium has selected a code-division multiple access (CDMA) version of
PCS for deployment. CDMA systems (using RAKE receivers) benefit from multiple, delayed
copies of the desired signal which often degrade the performance of other technologies. Thus,
CDMA is a good choice for the simulcast approach to be used in providing PCS over cable
television systems. In simulcast, all of the RADs on a single cable will be required to use the
same PCS frequencies. The handheld unit could receive signals from several RADs at the same
time. Likewise, several RADs could receive the signal from one handheld unit. These signals,
with varying delay times due to the different distances involved, will be added together and sent
to the RASP.

It is possible in an initial deployment to have several cables on the same simulcast frequency. As
capacity needs increase, various combinations of the cables could be assigned different
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frequencies. This would decrease the initial deployment costs while allowing for increases in
capacity when they are needed.

The frequencies needed in the cable to communicate between the RASP and RAD can be
dedicated. However, the industry is hopeful that these frequencies can be dynamically allocated
so that the unused spectrum can be made available for other services.

High speed data services

Bandwidth requirements between computer networking service users and information service
providers is usually very asymmetkic. That is, the user usually makes a simple request while the
information service provider responds with the requested item which is usually much larger (e.g.,
a home page, an image, a video clip, or a text file). Spectrum availability in the cable matches
this situation rather well. The spectrum in the upstream band is relatively limited. However,
even after providing wireline and wireless telephone service, 10 MHz or more of spectrum
bandwidth is available for HSDS. This is more than an adequate bandwidth for providing all of
the common computer networking services available today. In the downstream direction, much
more spectrum is available, although little more may be needed for the foreseeable future.

The cable industry plans to provide HSDS are quite ambitious. Through the use of user premises
equipment, PIDs, connections for all popular user data terminals and LANs will be provided.
This includes simple serial port connections or Ethernet connections to personal computers. In
addition, even dial-up access (through the cable telephone service) will access the HSDS.
Connection to the Internet and other information services will be included.

Advanced television, video on demand, and interactive video

Advanced television means digital television and High Definition Television (HDTV). The
transition from the current NTSC standard television signal to digital television using the Motion
Pictures Experts Group (MPEG-2) compression will greatly increase the number of television
channels that can be provided over the cable. Although, compression rates have been proposed
that allow 10 channels to be delivered in the 6-MHz bandwidth currently used for one NTSC
channel, four channels in place of one is more commonly accepted and will be assumed here.
This will allow an increase in the number of channels provided from the current maximum of 150
to as many as 600 channels. In the industry, 500 channels are envisioned, probably because the
remaining spectrum is to be allocated for the downstream part of the new telecommunication
services. It is expected that a set-top box or other PIDs will be needed for digital television.

In the future, cable will provide HDTV service. As is planned for broadcast television, each
HDTV signal will require a 6-MHz channel after compression. Thus, four compressed, digital
NTSC channels will need to be given up for each new HDTV channel. After HDTV service
begins, the spectrum availability in the cable could change from being relatively abundant to
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scarce. However, improved compression of NTSC signals or other technologies potentially could

relieve this situation.

Video on demand and interactive video will be provided through some of the 500 compressed,
digital television channels available (i.e., it is expected that not all of these channels will be
dedicated to regular cable programming). Video on demand will probably start out as a near-
video-on-demand service. Selected, popular programs or movies will be started at intervals, e.g.
every 10 minutes, using several video channels. This will initially be offered as an improved pay-

per-view service.

3.3 Computer Communication Networks

Advances in wide area network technology and steadily increasing demand for computer
connectivity have encouraged the development of a wide variety of wireline computer
communication networks. These networks are operated by LECs, IXCs, and private carriers
(Data Communications, 1994a). These networks offer various transport and switching capabilities

based on the technologies they use, and have varying requirements for access from the customer

premises.

3.3.1 Circuit-switched Technology

Circuit-switched technology establishes a temporary connection that permits exclusive use until
the connection is released (Rowe, 1988). The connection is established on demand and involves

one or more intermediate switching nodes. Because the actual carrier facilities used in routing
the call depend-on the facilities available- at the moment, circuit quality may vary-significantly.
Users are typically charged based on the amount of time they use a connection.

Many carriers will set aside circuits in their network for dedicated use by their customers. These
circuits are often referred to as leased lines. They are intended for applications that generate a

relatively constant flow of data. The primary advantage of a dedicated circuit is that it is
engineered by the carrier, installed, and left in place so that the same facilities are always used.
This means that once the circuit is operating correctly, it should continue to operate reliably for
long periods of time. Users are charged a flat .fee for a dedicated circuit, whether they use it or

not.

Circuit-switched computer communication networks offer transmission capabilities that fall into

three main.ranges:

1200-28,800 bps using modems (this capability is available through the circuit-
switched analog voice-grade PSTN).
56 kbps to 45 Mbps using T-carrier equipment.
Up to 155 Mbps using synchronous optical network (SONET) equipment (dedicated

circuits only).
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Dedicated circuits are the dominant choice for data communication networking in the United
States. Revenue for carriers in 1995 is projected to be nearly $8 billion. Carrier revenue for
switched digital circuits (including ISDN) is projected to be $228 million in 1995 (Data
Communications, 1994b).

3.3.2 Packet-switched Technology

Packet-switched technology segments data into relatively small blocks before transmission. Each
block, known as a packet, contains user data and control information. The control information
typically includes flags marking the beginning and end of the packet, source and destination
addresses, sequence number, and error detection/correction codes. Packets are routed through
the network one at a time, and may arrive at their destination by different paths and out of
sequence. The computer at the receiving node is responsible for reassembling the packets into
the correct sequence before passing them on to the user. A certain amount of transmission delay
is inherent in packet-switched networks, but they make efficient use of network resources for
bursty data traffic that is not highly time-sensitive.

Commercial packet-switched networks operate according to the well-established X.25 international
standard. The standard was developed during the 1970's for use over electrically noisy analog
copper transmission facilities that tended to introduce errors. Every switching node in an X.25
network goes through a rigorous, time-consuming procedure to check the validity of the structure
and routing of a packet before passing it to the next node where the process is repeated. The
technique has been widely and successfully implemented, but it is limited to a speed of 64 kbps,
and it is not suitable for the transmission of voice or video information.

Despite its limitations, packet-switched technology is appropriate for many data communication
applications, and its use continues to grow at approximately 10% annually; carrier domestic
revenue for 1995 is projected to be just over $1 billion (Data Communications, 1994b).

3.3.3 Fast Packet-switched Technologies

Needs for LAN interconnection and the transmission of voice, data, image, and video information
have helped to foster the development of two fast packet-switched technologies: frame relay and
cell relay.

Frame relay

Frame relay is essentially an enhancement of X.25, and takes advantage of the widespread
implementation of fiber optic communication links by long-distance carriers. Fiber is much less
prone to introducing errors in a data stream, so frame relay does not use most of X.25's extensive
checking at switching nodes; these processes are instead completed by the sending and receiving
devices. Frame relay is designed to operate at speeds up to 1.5 Mbps, but may be enhanced to
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operate at higher speeds in the future. It is particularly well-suited to the interconnection of LANs
which generate bursty traffic consisting of variable-length frames of data. Frame relay accepts
this traffic as is, adding only a wide area network address at the front and its own check sequence
at the end of each frame. Frame relay interfaces for customer premise equipment such as routers,
bridges, and hubs are available from a number of vendors. Frame relay switches are also
available, and numerous carriers offer public frame relay services. As the technology and
standards are refined and carrier tariffs are clarified, frame relay networks are expected to replace
many X.25 networks during the next several years. Frame relay is not well-suited to the
transmission of real-time voice or video, however, because of the variable delay allowed between
frames.

Carrier revenue for frame relay services is growing at annual rates in excess of 200%, and 1995
revenue is projected to be nearly $600 million (Data Communications, 1994b).

Cell relay

Cell relay is a high-bandwidth, low-delay, switching and multiplexing packet technology. Its
combination of simplified error and flow control, fixed-length cells which allow high-speed
switching, and procedures for allocating network bandwidth enable it to support voice, data,
image, and video traffic. Asynchronous transfer mode (ATM) is the international standard
implementation of cell relay. It is defined to work over different physical media and at speeds
ranging from 45-622 Mbps, with extensions to lower and higher speeds possible. Vendors are
beginning to produce ATM network equipment and carriers are beginning to assemble ATM
networks. Current service offerings are developmental in nature, however, and it is expected to
take several years for the technology to mature. Significant infrastructure investments by carriers
will -be required to make ATM widely available.

Switched multimegabit data service (SMDS) is another standards-based implementation of cell
relay. It is being implemented primarily by large LECs to provide connectivity within their
service regions, mostly in major metropolitan areas. Access and transmission speeds range from
1.5-45 Mbps. The future of SMDS is somewhat cloudy IXCs appear to be more interested in
implementing ATM rather than providing wide area connectivity for SMDS; given the potential
of ATM for implementation at the LAN level, network managers may prefer local access to ATM
rather than SMDS. The two implementations of cell relay are similar, however, and there is a
clear migration path for carriers to move from SMDS to ATM.

Carrier revenue for ATM is projected to be $40 million in 1995, a 400% increase over 1994.
SMDS 1995 revenue is projected to be $27 million, an increase of 270% over 1994 (Data
Communications, 1994b).
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3.3.4 Rural Access to Computer Communication Networks

The analog voice-grade circuits provided by LECs in rural areas offer some circuit-switched data
communication capability, but maximum transmission speeds are currently limited by modem
technology and the bandwidth of these circuits to 28,800 bps. In many cases, rural circuit quality
is not adequate to support this speed. Rural party lines are not well-suited for data
communication.

The access points for computer communication networks (known as points of presence, or POPs)
are usually located in larger metropolitan areas. Rural users can usually use analog voice-grade
circuits to access POPs for X.25 packet-switched networks. A limited cable plant may prevent
a LEC, however, from providing enough circuits to a rural business for both voice and data
communication.

Access to POPs for high-speed circuit-switched or fast packet-switched computer networks require
high-quality digital circuits capable of supporting transmission speeds of 56 kbps and above.
These circuits are not generally available from LECs in rural areas. In some cases, users can
convince a LEC to bring in a high-speed circuit (Zeiger, 1995). In other cases, rural users will
need to explore alternatives to bypass their LEC to reach a POP. These alternatives may include
the use of private fiber optic or microwave radio circuits, or the use of a commercial satellite
service (Office of Technology Assessment, 1991).
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4
WIRELESS SYSTEMS AND TECHNOLOGY

Wireless technology is on the verge of creating a revolution in communications. While systems
such as broadcast radio and television have been around for many years, many new types of
wireless communication systems are emerging such as digital cellular, personal communications
services (PCS), and packet radio.

Wireless systems and technologies can be classified in many different ways. They can be either
terrestrial- or satellite-based. They can be classified by the type of primary user service that can
be provided such as one-way, two-way, or multiple-way voice, video, or data. Another form of
classification is whether they are a traditional analog or digital system. Yet another way is
whether they utilize existing or emerging technologies. All of the various types of classifications
have their respective merits and limitations. Wireless systems and technologies elude a single,
all encompassing, universal method of classification. For this reason, the systems and
technologies presented here are not classified. One exception to this, however, is the category
of wireless telephone systems. These are wireless systems whose primary function is to provide
a wireless access to the wireline telephone network.

This section presents a wide variety of both existing and emerging wireless systems and
technologies. These systems and technologies include land mobile radio, HF radio, broadcast
radio and television, and multichannel multipoint distribution service; wireless telephone systems
such as cellular and PCS systems; paging; packet radio; wireless local area networks; wireless
digital modems; and satellite-based systems. Descriptions of these systems and technologies are
presented with particular emphasis on applications in rural areas. Example costs of wireless
systems and services are given where applicable. Frequency allocations for the various wireless
systems operating in the United States are presented.

When considering operating a wireless system in a specific rural area, radio spectrum must be
available for that system to operate. While listings of operating licenses gives some good
information about the use of the radio spectrum throughout locations of interest, measurements
of spectrum usage are perhaps the best indicator of available spectrum. Appendix B shows radio
spectrum measurements made by the Institute for Telecommunication Sciences (ITS) in Eureka,
California, a rural area on the coast of the Pacific Ocean. These measurements were taken over
the 108 MHz to 19.7 GHz range and provide insight into the potential availability of spectrum in
a rural area. Although these measurements show a good example of spectrum usage in a rural
area, spectrum usage in other rural areas may be different. This may be especially true for areas
that differ in geography and climate from Eureka such as the Midwestern plains or the
Southwestern desert.
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4.1 Land Mobile Radio

Land mobile radio (LMR) consists of a wide variety of mobile radio systems, ranging from a
simple pair of handheld citizen band (CB) "walkie-talkies" to elaborate radio repeater systems
with paging and telephone interconnect. Land mobile radio is distinguished from other mobile
radio services, such as aeronautical mobile radio (communications with aircraft), maritime mobile
radio (communications with ships at sea), and the new mobile satellite service (mobile
communications via satellites). LMR includes radio service between mobile units or between
mobile units and a base station. LMR is licensed by the Federal Communications Commission
(FCC) under several categories, including:

1) private radio (where the owner is licensed for a particular frequency and owns and
operates exclusively within his own system),

2) Part 95 Personal Radio (CB; where the owner operates within a set of 40 frequencies
near 27 MHz, owning and operating his equipment, but also talking with other CB
users), and

3) the new Commercial Mobile Radio Service (CMRS; where the user owns his radios,
but subscribes to repeater and other services provided by a system operator).

These CMRSs are also called Specialized Mobile Radio (SMR) services. Not included in LMR
is cellular telephone service, which is considered (from a regulatory standpoint) an extension of
the common carrier telephone system. The rules governing CMRS are a recent change, reflecting
the continually more blurred distinction between SMR and cellular telephone services.

LMR typically offers a two-way analog voice channel with 15-30 kHz of channel bandwidth.
Some systems can be modified to use a modem to transfer digital information, provide fax
services, or provide remote control of various devices.

Mobile radio, CB radio, SMR, and amateur mobile radio fill a general need for mobile and
personal communications that has significant implications for business productivity, personal
safety, and social connection. In most rural areas, business must be conducted over a widespread
area, and other forms of communication (e.g., cellular phones, paging, phone booths, etc.) are
less available. This applies directly to the farmer, rancher, and forester; but it also applies to the
suppliers, laborers, and buyers who need to do business with them. Traffic accidents or farm
accidents often occur when other people are not present, so radio is often the first means of
bringing help and notifying others of the problem.

Some rural areas currently do not have access to cellular or SMR systems, which leaves LMR as
the major means of mobile/personal communications. Fortunately, LMR channel licenses are
generally easily available, since there is less competition for such licenses than in urban areas.
These channels will probably be in the private radio service. For low end service, CB is available
near 27 MHz. In larger communities, there may be a local repeater system, providing service
through the CMRS. SMR services have been growing rapidly, partly because of the substantially
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improved coverage provided to the customer and partly because of the improved spectrum
efficiency that SMR allows.

A typical mobile radio system is purchased by a private businessman/farmer/rancher, who uses
it to communicate with the home or office while out on the road or the farm. An investment of
$300 to $1000 provides a base station transmitter and a mobile or portable radio, to achieve
communications over a 10-20 mile range. Usually, there will be no phone patch capability,
though it can be done (poorly, since there is at least a push-to-talk requirement, which may
require a 3rd party at the telephone to operate).

Simplex and duplex radio

There are several types of mobile radio operation, each of which is particularly suited for certain
applications. The most basic of these types of operation is simplex radio. In simplex radio, all
radios in a system transmit and receive on the same frequency (shown as F1 in Figure 4-1). A
person can communicate with a single listener or a group of listeners by turning on his transmitter
and talking. All users who have radios turned on and tuned to that frequency will hear the person
transmitting. For convenience, most radios have a push-to-talk switch on the microphone; holding

Fl

Figure 4-1. Diagram of a simplex radio system.
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the switch down activates the radio transmitter. When the person transmitting is finished talking,
he releases the switch and the radio reverts to its normal receiving mode. A conversation between
two people requires the observance of a certain discipline, since both people must not talk (i.e.,
transmit) at the same time. Instead, they must carefully alternate between listening (receive mode)
and talking (transmit mode).

Simplex radio is ideal for dispatch service, where a single dispatcher at a base station provides
direction to a fleet of mobile workers. Each mobile unit can hear instructions from the dispatcher,
as well as all replies from other mobile units. Dispatch service is typically used in delivery,
service, taxi, and police operations. If it is important that messages be delivered to a particular
mobile unit, but not to the others, tone-coded squelch can be used. This technique sends a coded
signal along with each transmission that causes certain radios to ignore the transmission,
depending on whether the coded signal matches the code stored in each radio. Tone-coded
squelch is often used when several systems share the same frequency. In particular, it prevents
users of one system from being distracted by messages intended for users of another system, and
vice versa.

Simplex radio is used in most mobile radio bands because it provides the cheapest and simplest
system. Only a single frequency is needed (this is important when there is a shortage of
frequencies), and operation is straightforward. However, simplex radio has some limitations,
some of which can be solved by using duplex radio systems. Duplex radio uses two frequencies;
each radio transmits on one frequency and receives on another. With full-duplex radio systems,
each radio can simultaneously transmit and receive, making full continuous two-way conversations
possible, without the use of push-to-talk operation. Cellular telephones and cordless phones are
examples of full-duplex systems. Half-duplex radios transmit on one frequency and receive on
another, but not simultaneously. Although half-duplex radios require push-to-talk operation, they
offer advantages in some situations, particularly in repeater operation- (discussed in the next
section). When half-duplex radios are used in dispatch operations, the base station normally
transmits on one frequency and all mobile units transmit on the other frequency. This means that
a mobile unit can hear the base station (dispatcher), but it cannot hear the replies from the other
mobile units.

Mobile radio is useful especially when it can provide service to the entire geographic area in
which the user normally operates. In rural areas, markets for services can be dispersed over large
areas, which make long range operation very useful. The coverage area of a transmitter can be
increased by increasing the transmitter power or by raising the transmitting and receiving
antennas. Usually the base station antenna is placed on a high tower, but the mobile antenna must
remain low for obvious practical reasons. The mobile transmitter power may also be somewhat
limited for practical reasons. Assuming, for example, operation at 150 MHz with a 300-ft antenna
tower and 25-watt base station and mobile transmitters, good two-way communications can be
maintained with the base station over a range of approximately 30 miles depending on terrain.
Mobile-to-mobile communications would typically operate over only about 7 miles. Since the
coverage area is proportional to the square of the range, the coverage area from the base station
tower is 20 times larger than from a car. The high antenna tower is the key to getting acceptable
operational range without using excessively high transmitter power. High power transmitters are
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costly, have large AC power requirements, and are prone to reliability problems. Using a high
antenna tower is also quite expensive but avoids the AC power and reliability problems.

Repeaters

A repeater provides an excellent option for users of a mobile radio system who cannot provide
their own high antenna tower. The repeater is a radio device that receives a signal on frequency
Fl and simultaneously re-transmits the signal on frequency F2. Figure 4-2 depicts the operation
of a repeater. Radio User A transmits a signal to Radio User B on frequency Fl. The repeater

Radio User A to Radio User B

Radio User B to Radio User A

Figure 4-2. Operation of a radio repeater.

picks up the signal on frequency Fl and retransmits the signal on frequency F2. Radio User B
listens continually on frequency F2 and hears the signal on frequency F2 when it is retransmitted
by the repeater.

If Radio User B wants to send a signal to Radio User A, the same procedure is followed. Thus,
for all repeater customers, the rule is to always transmit messages on frequency Fl and to listen
for messages on frequency F2. As long as Radio User A and Radio User B are both in range of
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the repeater, the process will work. Since the repeater is located on a high tower, it can receive
signals from Radio User A and Radio User B, even when they use relatively low antennas and low
transmitter power. Instead of requiring each radio user to build a high antenna tower, a single
tower is beneficially shared among all of them.

Specialized mobile radio

The radio repeater operation previously described is used for SMR systems. The SMR operator
will typically charge customers a flat rate of $10-$15 per month for the use of the repeater. Since
a given customer will typically use the radio only a few minutes each day, the SMR operator can
rent the repeater to several customers. The only problem occurs when two customers want to use A,
the repeater at the same time. If customer A is using the system when customer B tries to use the
system, customer B will be "blocked" from using the repeater until customer A finishes. As long
as blockage does not occur too often, customers may consider the service to be satisfactory. As
more customers are added to the repeater service, blocking will be more likely to occur.

Trunked repeaters

When a single repeater becomes too busy, the SMR operator can add another repeater to the tower
(using frequencies F3 and F4) and put half his customers on the new repeater channel. The
process of adding repeater channels and designating a particular channel for each customer can
be continued as the number of customers increases. However, an examination of the statistics of
blocking suggests a better strategy. Instead of assigning a particular customer to a particular
repeater channel, each customer in a trunked system can choose any repeater channel that is
unused at the moment. This technique greatly decreases the amount of blocking, since blocking_
occurs only when all repeater channels are in use. Previously, blocking would occur whenever
a customer's designated channel was busy.

Though the details of system operation are somewhat complex, a trunked repeater system
automatically assigns a customer to any unused repeater channel. The SMR operator needs to buy
somewhat more expensive and complex repeater equipment, but can serve more customers with
fewer total number of repeater channels.

Many trunked repeater systems can also provide telephone connections. Instead of retransmitting
the signal received on frequency Fl, the repeater changes its mode of operation. Signals received
on frequency Fl by the repeater are connected to a telephone line and sent to a telephone. Instead
of retransmitting signals (received on frequency Fl) on frequency F2, the repeater transmits
signals from the telephone line on frequency F2. The user in the car listens to the telephone on
frequency F2 and transmits to the telephone on frequency Fl. SMR telephone interconnect
capabilities are particularly useful in rural areas where cellular telephone is not available.
Depending on the particular SMR equipment capabilities, the telephone interconnect may operate
only in the half-duplex mode, which requires a push-to-talk operation by the SMR user.
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Enhanced SMR (ESMR)

ESMR is a name applied to a class of SMRs that use advanced digital vocoders and provide
enhanced user services. One example ESMR system uses a digital vocoder and time-division
multiple access (TDMA) technology to squeeze six voice channels into a 25-kHz bandwidth.
(TDMA is discussed in more detail in the Wireless Telephone Systems section of this report.)
ESMR systems provide a wide range of telephone, dispatch, and possibly paging, fax and data
services. ESMRs are built using large numbers of sites, whose individual range is often
deliberately limited to obtain a higher degree of frequency reuse.

SMR systems in rural areas

In crowded urban areas, SMR is particularly valuable because of the larger number of customers
that can be served with fewer crowded radio channels. In sparsely populated rural areas, SMR
provides a higher level of service at reduced total expense; this service is particularly valuable
since alternative services (like cellular telephone) may not be available. SMR services are aimed
particularly at the businessman and the tradesman. In rural areas, this would include repair and
delivery operations, implement dealers, agricultural supply and feed businesses, and
trucking/transportation services. SMR services are typically priced at $10/month for unlimited
airtime using repeater services, with an airtime charge (e.g., $0.25/minute) for telephone
interconnect. One major disadvantage of SMR service is that customers must buy their own
radios, which typically cost $700-$1200.

These SMR operations provide inexpensive two-way radio service between the home and car or
between the shop and the service vehicle, typically within a 25- to 35-mile radius. For operations
with multivehicle fleets, SMR service provides dispatch operations, where the vehicles can hear
all conversations between the vehicles and the dispatcher. When the SMR allows telephone
interconnection, half-duplex or full-duplex operation is usually available. Full-duplex operation,
however, requires more expensive radios than are necessary for half-duplex operation.

Many rural SMRs started as small "mom-and-pop" operations, but these smaller operations have
often been bought out and merged into statewide operations. For example, one organization has
more than 100 SMR sites covering all of Iowa, much of Minnesota, and parts of several
neighboring states. These operations are statewide only to the degree that a truck (for example)
calling the home office from anywhere in the state (or even outside the state, for that matter) could
contact a repeater. However, the multiple repeater sites are not integrated nor interconnected
except through the telephone system. If the repeater were out of range of the home office, there
would be no one for the truck driver to talk with. Instead of using the SMR repeater to talk
directly with the home office, the truck driver would use the telephone interconnect mode to
connect to the telephone system at the SMR site nearest to him, then use a credit card to make a
long distance call to the home office.

SMR service is currently available in most rural areas. A number of SMR companies are already
planning the next step of constructing large ESMR systems, in urban and rural areas alike. When
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these systems are in place, mobile users will have a substantial set of services available to them,
including fax, mobile data, E-mail, and digital voice. The disadvantage is that these radios will

initially cost $2000-$3000 each.

LMR frequency bands

Mobile radio is available in a wide range of frequency bands; the choice of radio bands is
determined mostly by cost, reliability, coverage distance, and type of services desired. As a rule,
the lower frequencies provide a longer range service, but require larger antennas. Otherwise,
many bands can be considered interchangeable. Some features of the individual bands are
summarized below.

CB radios operate in the 27 MHz band. They are inexpensive and widely available in electronic
equipment stores. A pair of handheld 1-watt units can be purchased for less than $100, which will

typically give simplex voice communications over a 1-mile path. Base station and mobile
installations can operate with up to 5 watts of transmitter power, and may provide communications

over a range of 20 miles. A major problem with interference occurs because signals can travel
for hundreds of miles under certain environmental conditions, causing a large number of signals
and noise from thunderstorms to be transported from hundreds of miles away. An estimated one
million CB radios are sold each year, and five million people actively use CB radios. CB radios

are often used by truck drivers and other drivers to,check on road conditions and the presence of

police. Many state highway patrols routinely monitor Channel 9, listening for requests for

assistance or reports of accidents.

The 30-50 MHz band, also called the VHF low-band, has enhanced long-range capabilities, but

is also impacted- by intermittent noise and interference problems. -One of-the first bands to be used

extensively for mobile radio, especially by state police cars, it is now more lightly used. Only

a few manufacturers produce modern equipment for this band.

The 151-162 MHz band is extremely crowded in major urban areas, but relatively clear
frequencies are usually available in rural areas. Similarly, the 450-470 MHz band is also quite

crowded in urban areas, but clear frequencies should be available in most rural areas. Trunked
repeater operation is not permitted in these bands at present. A current study by the FCC will
probably lead to major changes in regulations and technical operation for these bands. Such
changes will probably include a narrowing of bandwidths and encouragement of trunked systems

and SMR.

The 218-220 MHz band was recently created by the FCC to provide additional channels, using
advanced technology to increase the number of channels available. In particular, this band is
channelized into 5-kHz wide channels (compared with the typical 15-30 kHz channels in other

bands). To squeeze a voice channel into 5 kHz requires the use of digital compression techniques

or amplitude companded single-sideband (ACSB) technology. ACSB receivers are quite complex

and must be perfectly adjusted to work well. Fortunately, receivers making extensive use of

ACSB principles implemented with digital signal processing (DSP) chips are appearing in the

4-8

47



market; they should offer major improvements over traditional ACSB construction.
Notwithstanding the new DSP techniques, ACSB is likelyto be expensive. It will probably not
be extensively used in rural areas, where the availability of frequencies in other bands makes
ACSB techniques unnecessary.

The 470-512 MHz band includes UHF TV channels 14-20, some of which have been selectively
converted to LMR bands in the largest major metropolitan areas. Since these bands are used for
LMR only as needed to relieve extreme LMR crowding, they are not available in rural areas.

The paired bands at 806-821 MHz and 851-866 MHz are designed to allow commercial, 25-kHz
bandwidth, trunked SMR, as well as conventional land mobile radio operation. The adjacent 821-
824 MHz and 867-870 MHz bands are reserved for exclusive public safety (e.g., State Highway
Patrol) operation. The paired bands at 896-901 MHz and 935-940 MHz are divided into 12.5-kHz
channels. These bands can be used for multichannel trunked systems, and half the channels are
allotted exclusively to SMR systems. Presently, most SMR licenses are in the 800- and 900-MHz
bands. Since the cellular telephone bands lie adjacent to these bands, it is relatively easy to adapt
some of the intensively-competitive cellular developments for use in these bands. Expect to find
some particularly small handheld radios in this band. Because of the relatively high frequencies,
the operating range of this band will be relatively small.

4.2 HF Radio

High frequency (HF) radio is one of the oldest forms of long-distance wireless communication,
and is a rich and ongoing field of research. Many volumes have been written on this subject;
several recent treatments are those by Davies (1989), Goodman (1992), and Maslin (1987).

Propagation of radio waves in the HF band of the spectrum, defined as 3-30 MHz, occurs in two
primary modes: the ground wave, in which radio wave energy remains near the surface of the
Earth, and the sky wave, in which radio waves are reflected from ionized layers in the Earth's
upper atmosphere (ionosphere).

The ground wave can typically be used for communicating over distances up to 60 miles,
depending on terrain conditions (conductivity) and transmitter power. Ranges up to 100 miles can
sometimes be achieved at transmission frequencies below 4 MHz, but as the frequency is
increased, the radio waves experience increased attenuation. Ground wave propagation is
relatively simple, in that the received signal can be viewed as a delayed and attenuated, but
otherwise undistorted, replica of the transmitted signal.

At longer ranges (typically greater than 90 miles), HF communication depends upon sky wave
propagation. Unlike the ground wave, the sky wave returns are highly variable and dependent
upon frequency, time of day, season, solar activity, and geographic location. In addition to this
variability, sky wave signals also suffer a number of impairments, including the interruption of
communications by ionospheric storms, a large number of possible propagation paths resulting
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in time dispersion of a signal, high levels of interference, large and rapid fades, and frequency
dispersion of wideband signals.

For these reasons, the effective use of HF equipment traditionally required experienced operators
who could avoid poor-quality channels by identifying the optimum frequency for a given time and
geographic location. It was also the responsibility of the operator to avoid interference with
traffic already in progress and to monitor other appropriate channels.

Despite these shortcomings, HF has remained the communications medium of choice for many
applications, because a low transmit power can often provide extremely long range
communications (without the need for repeaters or the use of satellites) when the proper
transmission frequency is used. Moreover, progress in HF technology since the 1970's has
reduced the need for skilled operators. Modern HF equipment incorporates a high degree of
automation as- a result of developments in automatic tuning and antenna matching systems,
remotely controllable systems, and automatic link establishment systems. In addition, hardware
developments such as solid-state circuits, highly stable oscillators, frequency-agile synthesizers,
fast tuning antenna couplers, and solid-state power amplifiers have improved HF communications
considerably. The advent of very large scale integration has led to smaller, lighter, more power
efficient, and more reliable equipment.

HF equipment is low in cost and has a long operating life. HF transceivers cost on the order of
$1,000, and HF modems typically cost between $200 and $1,000. Expected life cycles of the
equipment may exceed 10 years. HF antennas are rapidly deployable and do not need the accurate
siting required for line-of-sight transmission. Antennas can be either omnidirectional or
directional, and can be wideband or narrowband, depending on the application.

The recent advances in HF-technology; the-low-cost-and-durability of HF equipment, and the large-

area coverage of HF skywave propagation suggest that HF radio may be appropriate for some user
services in rural areas. Typical bandwidths for civilian uses of HF radio are on the order of
several kHz; data transmission rates are generally not more than 1200 bps. Thus, HF radio
cannot be expected to support applications involving video, but can meet the bandwidth
requirements for voice, data, and fax ,services including electronic commerce and computer
networking applications.

Although not currently in widespread use, HF technology presently exists that would enable a
remote rural user to access public information. An example architecture that could be used for
this application is shown in Figure 4-3. A remote user equipped with a computer, an HF modem,
and an HF transceiver can communicate via HF with a gateway that has Internet access or a public

bulletin board system. The gateway consists of an HF transceiver, modem, computer, and
appropriate interfaces.
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Personal Computer

ASCII Data

Personal Computer

Remote User

Modem

ASCII Data

Audio Tones

Gateway

Audio Tones

Modem HF Transceiver

Figure 4-3. Remote user access to public information via HF radio.

While HF radio can provide access to the Internet or public bulletin boards, it can only provide
limited services due to the relatively narrow bandwidth that it can support.

4.3 Terrestrial Broadcasting

The terrestrial broadcast of radio and television programming has played a dominant role in
information and entertainment delivery to rural communities. These communities rely on
broadcasters for public weather advisories and predictions, economic information, as well as
public safety and service announcements. These services have been provided using technology
that was developed decades ago. With broadcast radio, the technology is over a century old. The
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longevity of these technologies is due to the fact that they are based on standardized, reliable, and
relatively inexpensive receivers. The transmission standard is an analog one, in which the
information (voice and video) is encoded as a continuously variable parameter. While this
technology is proficient at distributing analog signals such as voice and video, it does not allow
digital data to be transmitted easily.

Several technologies are currently poised to deliver high quality voice and video as well as data
services using conventional terrestrial broadcast frequency allocations available to rural
populations. These include the development of high-definition television (HDTV), digital audio
broadcast (DAB), and FM high-speed subcarrier (FM HSS) services. Each of these technologies
approaches the problem of information delivery from a different perspective and offers various
levels of enhanced service. They each have certain drawbacks to their use in exchange for their
enhancements.

In a rural setting, there is no one dominant type of terrestrial service that is universally available.
The accessibility of television and radio broadcasts varies substantially in different parts of the

country. Therefore, there is no one service that can accommodate the needs of every rural
community.

4.3.1 Broadcast Television

Analog television in the United States was put into operation in 1946. By 1949, receiver sales

were exceeding 10,000 per month. There are approximately 160 million television receivers in
the United States today (Netravali and Lipman, 1995). The current U.S. standard, called NTSC,
breaks the transmission up into three separate subtransmissions: the picture (luminance), the color
information (chrominance), and the audio. The picture transmission is based on transmitting
moving pictures as a sequence of individual still pictures called frames. The system transmits 30
frames per second, and each frame has the equivalent of 480 x 440 individual picture elements,
or pixels. The number of pixels, 480 x 440 in this case, is called the resolution. Each frame is
drawn to the screen as a succession of horizontal lines. The process of drawing lines on the
screen is called scanning. Since the human eye can distinguish a noticeable flicker from the
scanning at the 30 frames per second frame rate, the pictures are drawn to the screen in two
separate passes. Each pass draws half of the picture to the screen. Using this method, called
interlacing, the screen is actually updated 60 times per second, which suppresses the perceived
flicker. Several enhancements have been added to this basic system, including stereo encoding
for the audio, additional audio programming channels, very low data rate digital transfer (closed
captioning), and ghost canceling. These are minor enhancements compared to the technological
improvements represented by HDTV.

HDTV is the term used to describe a proposed video and audio delivery that departs from the
NTSC standard to provide significantly higher resolution audio and video, as well as data
services. The current system proposed for the United States will offer several display resolutions
(up to 1920 x 1080 pixels) and 5-channel compact disk (CD) quality surround sound (Grand

Alliance, 1994).
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After a period of competition between proponents of various systems, several organizations
joined together and formed a consortium called the Grand Alliance. These organizations
combined the best aspects of their individual systems and produced the Grand Alliance HDTV
System. The Grand Alliance HDTV System is a transmission standard for digital television. It
does not include any video production, display, or consumer equipment interface standards. The
system does specify that the video and audio are to be digitized, compressed, and transmitted in
a data stream according to the Motion Pictures Experts Group (MPEG-2) format. The data is to
be broadcast using an 8-level vestigial sideband (8VSB) modulation.

The specifications for the Grand Alliance HDTV System call for a flexible data packet structure
that can deliver many services to the receiver. Besides the video and audio packets, ancillary data
packets are included in the specifications that allow the broadcast of any arbitrary data stream.
The broadcast permits one-way data transmission only. Systems that require interactive
communication need to provide an alternative means of communication back to the service
provider. The packets can also be addressed to a specific receiver or group of receivers, allowing
the data to be decoded only by those receivers that request it. Using the ancillary data service,
some examples of services a broadcaster could provide include: programming information,
software delivery, video or audio delivery (like pay-per-view programming), and instructional
materials.

The ability to send high resolution video and audio in the same 6-MHz allocation used by
conventional NTSC television relies on advanced digital compression technology. The
compression algorithms produce a data flow that is dynamic in its data rate requirements. That
is, when the program can be heavily compressed, such as a slowly changing scene or still, the data
throughput required is low for the video. When the program contains rapidly changing scenes,
the required data rate is higher. As a result, the entire 19-Mbps rate provided by the transmission
system is not required for the video and audio at all times. There is room for other types of
services to be broadcast, which may not be related to the primary video program. Figure 4-4
shows a diagram of the data structure for transmission of HDTV programming, including an
ancillary data packet.

Video Packet Audio Packet Video Packet Data Packet

IPacket header including descriptor

Figure 4-4. Data structure for transmission of HDTV programming.
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The data rate available for ancillary service is dynamic and ranges from a few kbps to many
Mbps, depending on the video and audio program content. Transmission of the ancillary data has
a lower priority than transmission of the primary program, and must wait for an opening in the
data stream for transmission.

The Grand Alliance HDTV System is currently being tested at the Advanced Television Test
Center in Charlotte, North Carolina. Recent field tests have shown that the coverage is better than
conventional NTSC television broadcasts (Association for Maximum Service Television, Inc. et
al., 1994). Upon completion of testing, the Grand Alliance HDTV System will be presented to
the FCC for approval. Currently, there is no HDTV coverage in the United States. The FCC
plans to introduce HDTV initially by allowing broadcasters to offer a simulcast of their regular
programming, transmitted on UHF television assignments. The period of simulcast will continue
for up to 15 years as NTSC broadcast facilities and receivers are phased out. Receivers for the
HDTV system will also include the capability to receive and display regular NTSC broadcasts.
The receivers are expected to cost around $5000 initially with the goal of $1000 after several
years.

Data broadcast is particularly suited to rural areas. Covering large areas, as typically required
in rural areas, can be achieved by using higher transmitter power and/or higher antenna gain at
either the transmitter or receiver rather than requiring additional wireline transmission media.
Data broadcast using HDTV, however, does require a large capital investment from the service
provider, and a substantial purchase by the user.

4.3.2 Broadcast Radio

Two separate technologies are being tested to bring digital audio and data services to conventional
radio broadcasts. The first, FM HSS, incorporates digital data into the conventional FM
broadcast by adding the digital data signal to the existing audio signal before FM modulation.
Figure 4-5 shows this operation. The second, DAB, is a fully digital transmission that is
transmitted in addition to the conventional FM. This separate signal is added to the conventional
FM signal after the FM modulation, as shown in Figure 4-5. Unlike HDTV, these systems do
not replace the analog service, they provide additional services and are completely compatible
with conventional AM or FM broadcasts. The additional services are available only to those users
with a receiver capable of accessing the digital data.

FM subcarriers have been used for many years in FM broadcast. In a conventional FM broadcast
signal, the stereo sound does not require the full channel bandwidth that is allocated. The
additional bandwidth available may be used to broadcast additional services by adding signals to
the existing audio signal before FM modulation (as in FM HSS). These additional services
currently include the Radio Broadcast Data System (RBDS), a very low bit rate data stream used
to identify stations by call letters and to provide information about program content; paging
services; and low bandwidth audio broadcasts including Muzak®, and others. While some of these
services do 'provide a very low bit rate digital service, prototypes for a new high-speed data
service (FM HSS) have been developed by several proponents. This new high-speed data service
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is incorporated into the FM signal in the same way a conventional subcarrier is added. The
difference between conventional subcarriers and the high-speed subcarrier systems is the data rate
of the service. Current conventional subcarrier systems provide, at most, a few hundred bps of
data to a receiver. Current prototypes of FM HSS systems provide data rates up to 8 kbps; other
systems are planned that will provide data rates up to 56 kbps (Small, 1994).

Audio Input

FM HSS

DAB

FM Modulator
Power
Amplifier

Figure 4-5. In§ertion of FM HSS and DAB into a conventional FM broadcast.

The current FM HSS systems are designed to provide data services to mobile users. The primary
interest is in providing mapping services and traffic information to automobiles as part of
Intelligent Transportation Systems. The FM HSS systems are not designed to provide this type
of service exclusively, however. The system architecture allows any type of data service to be
provided. As in the HDTV system, the data can be addressed to a specific user or group of users
with compatible receivers. FM HSS technology has advantages over HDTV technology; it is
much more mature and is currently available for broadcast. Since FM subcarrier systems are
typically installed and administered by a company that is separate from the broadcaster; there are
no equipment costs required by the broadcast station to include this service. In fact, it generates
revenues for the broadcaster in the form of fees paid by the subcarrier service provider.
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A separate digital system, DAB, is being proposed for use in the United States to broadcast digital
CD quality audio to properly equipped receivers. DAB is broadcast on the same allocated
frequencies as conventional FM. Unlike HDTV, DAB can coexist with the conventional signal
because the conventional FM broadcast signal does not use its entire allocated channel bandwidth.
Figure 4-6 shows how the DAB signal exists outside the conventional FM broadcast signal, but
is still within the channel allocation of the conventional FM signal. As in HDTV, compression
is used to transmit the audio program, allowing for a dynamic data delivery capability.

Conventional/ \FM Broadcast

DAB DAB

FCC Channel
Allocation

Figure 4-6. Frequency spectrum for conventional FM broadcast and DAB.

A series of field tests conducted by the National Radio Systems Committee was recently completed
on several prototype DAB systems. The results of these tests will determine the system to be
recommended for use in the United States. The types of service, scaleability, coverage area, and
receiver costs are nearly the same for DAB as for FM HSS systems. DAB has a greater data rate
available for audio services, but the ancillary data rate available for non audio services is dynamic,
as in HDTV systems. The ancillary data rate available is based on the current level of
compression in the primary programming. As with HDTV, both DAB and FM HSS systems
provide one-way transmission only. A separate communication path from the user to the service
provider is required for interactive services.

The entry of digital transmission into commercial broadcasting represents a revolution in the types
of services that will be available to the public in the near future. HDTV, DAB, and FM HSS all
share a significant advantage for rural users in that they do not require the installation of new
transmission media, such as cable or fiber. This advantage comes with a price in terms of high
receiver costs, lower data rates, and the lack of interactive communication (communication from
the user to the service provider requires a separate technology).
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4.4 Multichannel Multipoint Distribution Service (MMDS)

MMDS is more commonly known by the oxymoron "wireless cable." MMDS is a radio
alternative to cable TV distribution. It may be particularly important in rural areas because it can
be used to distribute up to 33 TV channels in some situations where there is neither local
broadcasting nor sufficient customer density to support a regular cable system. In this context,
it is primarily an alternative to satellite TV, with the additional advantage that MMDS can supply
local channels.

MMDS provides up to 31 channels (each 6-MHz wide) of NTSC television over the frequency
range from 2500-2690 MHz. Two additional channels can be broadcast in the 2150-2162 MHz
range. Finally, there are 31 "response channels" available near the upper end of the 2500-2690
band, each channel having a 125-kHz bandwidth. These channels were originally intended to
transmit a voice channel from a classroom to a remote instructor. They were provided so that the
TV channels could be used to provide TV instruction to a remote classroom (Instructional
Television Fixed Service; ITFS). ITFS has been used in rural areas, and a given channel is
sometimes shared between ITFS (during the school day or work day) and MMDS (after hours and
on weekends). In addition to using ITFS channels, MMDS can use channels licensed for the
multipoint distribution service (MDS), a precursor to MMDS, and the Operational Fixed Service
(OFS), a private point-to-point microwave communication service. Figure 4-7 shows the
frequency allocations for these services, including MMDS, MDS, ITFS, OFS, and the response
channels.

MMDS is allowed to radiate up to 100 watts per channel using an omnidirectional antenna. The
receivers, usually at a home, use a high-gain directional dish antenna (about 30" indiameter) and
a down-converter (that usually converts the selected channel to ordinary VHF TV channel 2 or
3). The range of the service is generally limited to line-of-sight operation however, the line-of-
sight can be 10-20 miles if the terrain is favorable. The receiver requires only a simple frequency
conversion, since the TV signal is already broadcast in the proper NTSC format, suitable for
viewing on an unmodified TV set. However, the down-converter must also provide for the
necessary decoding and access to prevent pirate viewing.

Typical costs of MMDS for the rural homeowner include a $30 monthly fee for antenna and
down-converter rental and program subscription costs. It is claimed that an MMDS system
operating in a rural environment can earn a profit with only 800 subscribers (about 10% of the
total number of subscribers required for profitable operation of a normal cable system).

Although MMDS is a relatively old service, FCC rule changes in 1990 allowed single operators
to license larger numbers of channels and operate them as a system, which made MMDS more
economically viable. A tidal wave of industry interest resulted in 24,000 license applications.
As of July 1994, about 160 MMDS systems were operating or expected to be operating before the
end of the year, with half of them serving rural areas. Figure 4-8 shows the geographic
distribution of MMDS licenses in the United States in October 1994. The size of the circular dots
represents the number of MMDS licenses in each 1-degree (longitude) by 1-degree (latitude) area.
(While the dots are positioned at the center of the 1-degree by 1-degree area, this does not imply
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that the respective MMDS systems are actually located in the center of this area.) MMDS licenses
are widely distributed in rural areas, unlike in urban areas where the licenses are more densely
concentrated.

There is typically only one MMDS system in a geographic area, since current economics seem
to suggest that a minimum of 20-25 frequency channels are required by each ,MMDS operator.
Thus, although a total of 33 channels might be available in an area, this is not quite enough to

MDS
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SERVICE

CHANNEL NUMBER OF
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MMDS I & 2 (ORIGINAL MDS) 2
E & F (NEW MMDS) 8
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Figure 4-7. Arrangement of MMDS, MDS, ITFS, OFS, and response channels in the Radio
Spectrum.

support more than one MMDS operator (especially since some channels may already be in use by
ITFS or OFS operations). This would probably not be a major issue in rural areas, where the
major question is whether there is enough customer demand to support even one MMDS operator.
It is not yet known how the increased number of channels made available by digital compression
techniques will affect the economics of minimum size configurations.

Figure 4-9 shows the geographical distribution of licenses for the ITFS that shares the 2500-2690
band with MMDS. These channels are used to bring video classroom instruction to factories or
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to other remote classroom locations. The striking difference in the concentration of these licenses
between several states shows that some state educational organizations have used ITFS
extensively, while others have not. ITFS is a much older service than MMDS. It is possible that
future educational video will be more widely distributed by optical fiber networks than by ITFS.
At present, ITFS is often used to enrich junior college classroom offerings and used for adult
evening classes at remote locations.

Since MMDS systems will generally want to use the 20 ITFS channels for their MMDS system,
and since the ITFS channels are often unused in many rural environments, an MMDS operation
will often assist a local school system in obtaining the licenses for the ITFS channels. The school
system's ITFS channels will then be shared with the MMDS operator. This sharing may be a
simple matter of available access; the schools can use their channels via MMDS facilities
whenever they want, but their channels are used for MMDS programming at all other times. This
mutually beneficial arrangement provides the school with the use of MMDS facilities to receive
selected satellite programming and transmit it to schools and homes. In most cases, however,
neither the MMDS operator nor the school has the ability to produce original program material.

There can also be much more active MMDS involvement with the schools. For example, the
MMDS operators and the high school TV mass media class in Ada, Oklahoma arranged to borrow
a remote satellite TV truck. The students assisted in TV coverage of the local team's participation
in the state football finals. Coverage of several games was transmitted by satellite to the local
MMDS system and broadcast to the local community via MMDS.

Local multipoint distribution service (LMDS) may provide a similar service as MMDS at some
future time. LMDS will probably be located near 30 or 40 GHz. LMDS might be considered a
higher frequency version of MMDS. LMDS is expected to provide general two-way services,
including voice, video, and data in a large city environment, in addition to TV. This suggests that
the role of MMDS might also be extended at some future time to include general telecom-
munications.

As in the cable TV industry, the MMDS industry is experimenting with digital compression
techniques. For example, one system being tested puts 10 TV channels on a single 6-MHz
bandwidth. Other systems provide 4:1 compression. The prospect of MMDS with 200-300 video
channels completely changes the economics of providing MMDS. In addition, return path
channels are mostly unused. Some operators have proposed using the MDS channels (2150-2160
MHz) for return path channels. The use of return path channels could allow interactive video
services such as home shopping and video on demand as well as general two-way
telecommunications.

The future of MMDS is filled with optimistic uncertainty. Although many licenses were requested
after the 1990 rule changes, relatively few systems were actually built. Currently, the number
of new, rural, analog systems becoming operational is increasing rapidly, partly because the
licensing process is moving more rapidly now. Some companies claim that payback on investment
is reached within 18-24 months. The FCC has long recognized the commercial value of MMDS
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licenses and has recently said that most of the remaining MMDS licenses will be distributed by
FCC auctions.

The huge expansion of capacity that digital compression allows has attracted another major round
of industry interest. In addition, while it is clear that digital compression will increase
opportunities for MMDS, it will also similarly increase opportunities for satellite TV and cable
TV distribution. Therefore, MMDS may not necessarily flourish, but the potential is present.

4.5 Wireless Telephone Systems

This section describes the various types of radio systems designed primarily to provide a wireless
connection to the public switched telephone network (PSTN). These systems can be either fixed,
mobile, or portable for applications where service is provided to a building, a vehicle, or to a
person (i.e., a handheld unit). The types of systems discussed include mobile telephone and the
Improved Mobile Telephone Service (IMTS), cellular telephone, personal communications
services (PCS), subscriber radio, and Basic Exchange Telecommunications Radio Service
(BETRS). While other systems can provide wireless access to the PSTN, SMR for example, their
primary purpose is not wireless access to the PSTN. Therefore, they are not covered in this
section. Both subscriber radio and BETRS systems are primarily used for fixed applications while
mobile telephone, IMTS, cellular telephone, and PCS are primarily designed for mobile or
portable operation.

Advantages of wireless telephone access

As mentioned in Section 3.1, providing access to the PSTN via wireline in rural areas can be
difficult and costly due to extremely long distances from the central office, difficult terrain, and
unavailability of material for poles to run cables. One great advantage of wireless telephone
access is that costs associated with access for a nearby subscriber (for example within a mile of
the local switch) and for a far away subscriber (for example 20 miles from the local switch) are
comparable (Calhoun, 1992, p. 92). Since distance is one of the primary obstacles in rural areas,
wireless telephone access may provide some cost-effective solutions in these areas. The high costs
of the local loop were discussed in Section 3.1. Since the cost of providing copper local loop is
so high (average cost up to $1800 per loop), especially in the rural areas (costs of $3000-$6000
per loop are not uncommon), wireless local loop can be a desirable alternative.

Cost of providing wireless telephone service in rural areas

There are two basic ways of examining costs for wireless telephone service in rural areas: the cost
to the service provider for providing the service and the cost to the service subscriber to use the
service. Costs to the service provider include the cost of the necessary equipment, equipment
transport, shelter for the equipment, land, AC power, and installation, as well as operation and
maintenance. Costs to the service subscriber can include equipment, -installation, and AC power



costs; user service fees; and maintenance costs. Furthermore, costs to the subscriber for using
the service are dependent on many factors including cost to the service provider for providing the
service, regulatory issues, and service provider policies (Westerveld and Prasad, 1994). All these
costs, of course, are highly dependent on the type of system to be installed, the number of
subscribers to be served, the amount of subscriber clustering, and the location of the particular
service area. Because of these factors, it is difficult to generalize about the costs of providing
service to subscribers for wireless access to the PSTN.

A common method of discussing the cost to the service provider (for providing a given service)
is to use the average cost per subscriber. Calhoun (1992, p. 547) estimated that costs for wireless
access were about $2000 to $4000 per subscriber for a "full telephony type application." This
includes costs to fully equip and install a system but does not include operating and maintenance
costs. This is sometimes called the "installed" cost or the "first" cost.

Traffic engineering

Throughout section 4.5, the number of subscribers served and the quality of that service for
certain systems providing wireless access to the PSTN will be discussed. When considering
wireless telephone access, the number of subscribers a system can provide service to is essential
knowledge for a service provider. Additionally, any time service to a number of subscribers is
contemplated, the quality of service to those providers must also be addressed. Quality of service,
sometimes called grade of service, can be expressed as the probability of blocking. The
probability of blocking in a wireless telephone system is the probability that a user will not be able
to access the network (in one attempt) to make a call. The probability of blocking is given
assuming a certain traffic intensity or traffic flow. Traffic intensity is the average number of calls
made in a given time period multiplied by the average duration of those calls. It is often
expressed in units of hundreds of call seconds per hour (CCS), which is the number of call
seconds in an hour divided by 100. A commonly used unit is the erlang which is equal to 36 CCS
(Bellamy, 1991). By assuming a given amount of traffic intensity, a system designer can
determine how many channels are required in a wireless access system to serve a certain number
of subscribers at a certain grade of service. Traffic intensity is typically specified for the busiest
hour of a typical day. Wireline grade of service in the United States is usually specified at a
blocking probability of .01.

4.5.1 Mobile Telephone

Mobile telephone service is defined as the interconnection of mobile users to the wired public
telephone network. Mobile telephone service first began in the United States in St. Louis,
Missouri in 1946. By 1947, more than 25 cities in the United States had mobile telephone service
available. The systems used FM and a single high-power transmitter for the base station in the
center of a metropolitan area. Coverage was provided 50 miles or more from the transmitter.
These initial systems used a human operator at the base station to manually connect the mobile
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user with the landline network. While automatic, direct-dial service began operating in 1948 in
Richmond, Indiana, most systems were operated manually for many years.

In many large urban areas, demand for mobile telephone service was greater than the available
capacity. The service was very poor since too many subscribers were loaded per channel. It was
not uncommon to have 100 or more subscribers per channel. The probability of the mobile user
being unable to connect to a landline circuit was very high, up to 0.65 (Calhoun, 1988). Mobile
telephone systems required much more spectrum than was allocated to be able to provide better
service in the large urban areas.

From a spectrum efficiency standpoint the use of FM for these systems required much more
bandwidth than AM systems. The original FM mobile telephone system was very spectrally
inefficient. One hundred twenty kHz of spectrum was required for a single voice circuit having
3 kHz of bandwidth. Improvements in FM receiver design narrowed the channel bandwidth
requirements down to 25 kHz, thus greatly improving the system capacity by the mid 1960's.

Another technical development that greatly enhanced the system capacity of the mobile telephone
system was trunking. In the early mobile telephone systems, trunking was not used. These
systems consisted of a set of channels where a group of users would share a specific, fixed radio
frequency (channel). The transmitters and receivers for each group of users were designed to
operate on a fixed frequency. In a trunked system, all of the users can use any of the channels.
Channels that are not currently, being used are identified and an unused channel is made available
to each user. The advantage of a trunked system is that many more users can be supported with
the same grade of service. Trunking in the early mobile telephone systems was implemented
manually. The user could select an available channel manually by switching from one channel
to another and listening for an unused channel.

In the mid 1960's IMTS was implemented. This service included system features such as
automatic trunking, direct dialing, and full-duplex operation (Calhoun, 1988, pp. 29-35). The
automatic trunking used a technique called marked-idle where a tone was placed on one of the
available channels. A mobile telephone could then automatically select the open frequency
channel by finding this tone (O'Neill, 1985).

IMTS systems were available for use in both the 150-MHz and 450-MHz bands. Besides
providing mobile service, there were some IMTS systems used for fixed service in rural areas.
While there may still be some operational IMTS systems in the United States, these systems are
not currently being produced. IMTS is an obsolete technology. It has been replaced with cellular
systems for mobile applications of wireless access to the PSTN and BETRS systems for fixed
wireless access to the PSTN.

Growth mechanisms for IMTS

IMTS systems were implemented with a relatively small start up cost. To cover a large area only
one base station was needed. The service provider could start with a given number of radio
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channels 'to accommodate the requirements of the users. Growth (the ability to add more
subscribers) was achieved by adding extra radio channels. Even one channel at a time could be
added if desired. In this way growth was easily controlled, managed, and was a low-risk.
(Calhoun, 1988,, pp. 74-75).

4.5.2 Cellular Telephone

Traditional methods of mobile telephone such as IMTS utilized a high-power transmitter with a
tall antenna to cover a large area (out to the horizon). This provided coverage of up to
40 or 50 miles in radius. This type of system was quite spectrally inefficient since frequencies
could not be reused within the entire coverage area of the system. The cellular concept was to
break up this large area into many smaller areas called "cells." Within each cell, a low-power
transmitter was used to provide coverage only within that cell. The same frequencies could be
reused in different cells within the original large area. Frequencies could not be reused in
adjacent cells because of interference between mobiles operating at the same frequency in these
adjacent cells. Several cells needed to be skipped before reusing the same frequency. A key
concept in cellular technology was that the same frequency could be reused based on a certain
ratio of distance between the cells to the radius of the cells. Therefore, with smaller cell sizes,
the same frequency could be reused a shorter distance away! It was found that the same frequency
could be reused at a distance of approximately four to six times the cell radius (Calhoun, 1988,
pp. 39-45). In theory, by decreasing the cell size one could increase the capacity of the system.
By breaking up large cells into smaller cells, called cell-splitting, ideally one could provide for
system growth and accommodate new users without requiring additional frequency spectrum.
However, the area to be covered must be broken into many small cells to begin to achieve a great
advantage in capacity based on frequency reuse. In other words, many base stations are required.
Since each base station is costly and the network costs increase with more base stations, cell-
splitting is quite costly.

Cell boundaries

For planning and design purposes, hexagonally shaped cells are used to cover an area with no
gaps of coverage between the cells. These theoretically shaped cells have well-defined
boundaries. In reality, however, the service coverage in a cell has irregular borders and may
contain holes or areas within the cell's borders that do not have coverage. Because the cell sites
have irregular borders, some areas between cell sites may not be covered.

Structure of a cellular system

A cellular system consists of a mobile telephone switching office (MTSO), cell site base stations,
and mobile units. Figure 4-10 shows this architecture. The MTSO is the central controller of the
entire cellular system. It contains and controls the cellular switch that provides for connection
between the mobile users and the PSTN. It also controls the call processing and takes care of
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Figure 4-10. Cellular system architecture.

billing. The MTSO connects to the PSTN and to each cellular base station. These connections
can be via wire or microwave radio links. Each cellular base station provides a radio link to the
mobile subscribers that fall within the base station's coverage area (cell). Typical cell sizes for
mobile cellular systems range from about 0.5 to 10 miles in radius (CTIA, 1994).

Growth mechanisms for cellular systems

In a cellular system, of course, to cover a large area, many base stations (one for each cell) must
be constructed. In addition, these cell sites must be connected to the MTSO. Consequently, there
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is a very large initial investment in setting up a cellular system. While many more users can be
supported with a cellular system compared to an IMTS system, a much greater risk is assumed
because of the high initial cost and the necessity of recruiting a great number of users to make the
system profitable while providing service at a reasonable cost. To achieve growth in a cellular
system, more base stations must be added. This, as with the initial investment, is both costly and
risky.

Grade of service

The initial goal of cellular service was to achieve a voice quality and blocking probability similar
to wireline service. During the busiest hour the blocking probability of a cellular system was
expected to be .02 or less. This is in contrast with that of the IMTS systems which was .50 or
more.

Analog and digital cellular systems in the United States

While there are many different cellular systems throughout the world, only the systems that are
most prevalent in the United States will be discussed here. All cellular systems in the United
States, analog or digital, operate over the same allocated frequencies. The original analog cellular
system in the United States, which is still in widespread use, is the Advanced Mobile Phone
Service (AMPS). The AMPS system uses ordinary FM modulation and frequency-division
multiple access (FDMA). In an FDMA system, the total frequency allocation is broken into
individual frequency channels. Each of these channels provides for only one circuit path (either
for voice or for a control signal). (A circuit path, otherwise known as a transmission path, is a
means for transmission of a signal.) Because of this, FDMA systems are known as single channel
per carrier systems. A user may access any of these channels that is not in use.

There are two primary types of digital cellular systems in the United States. The IS-54 standard
is based upon time-division multiple access (TDMA) while the IS-95 standard is based on code-
division multiple access (CDMA). In TDMA, each frequency channel is divided into individual
time slots. Each of these time slots comprises a single circuit path that can be used as a voice
channel or a control channel. The frequency channel is thereby shared by a given number of users
(equal to the number of time slots). This sharing is accomplished by repetitively transmitting a
frame consisting of all of the individual time slots. Each user transmits a burst of bits within a
particular time slot during transmission of a frame. In the user's time slot of the next frame, the
next burst of bits is transmitted. This process is then repeated for all frames. In the IS-54
standard, as well as in other systems, TDMA is used along with FDMA (i.e., the entire frequency
allocation is divided up into narrowband channels and each of those channels consists of individual
time slots). The IS-54 standard provides three circuit paths per frequency channel.

CDMA is the most conceptually difficult of the three multiple access schemes discussed here. In
FDMA systems a separate frequency channel is used by each user, allowing transmission and
reception without interference from other users. In TDMA systems, each user has his own time
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slot also permitting transmission and reception without interference from other users. In CDMA
systems, many users transmit over the same (wideband) frequency channel at the same time.
Transmission and reception for each user are accomplished by using a unique code for each user
thus enabling traffic from one user to be distinguished from all of the others.

CDMA systems typically use one of two types of spread spectrum techniques: frequency hopping
spread spectrum or direct sequence spread spectrum. In both techniques, each user is assigned
a unique digital code called a pseudorandom noise (PN) code. In the frequency hopping
technique, a wide band of frequencies is divided up into many narrowband channels. The PN
code is used to make the transmitter "hop" from one of these channels to another at a rapid rate
in a predetermined pseudorandom sequence. Each user transmits with a different PN code and
therefore uses a different sequence of these channels. Reception of the desired user's transmission
is accomplished by applying the same PN code sequence to tune the receiver to the proper
sequence of frequencies to receive the transmitted signals from the desired user. The ideal goal
of frequency hopping spread spectrum is that no more than one user will transmit on each channel
at the same time. In practice, this ideal goal cannot be achieved. However, the number of times
that more than one user transmits on the same channel at the same time can be minimized by
appropriately selected PN codes. Because more than one user occasionally transmits on the same
frequency channel at the same time, some interference between the transmissions does occur. As
more users are introduced into the system, this interference increases since transmissions of more
than one user occur more frequently on the same frequency channel at the same time. Herein lies
an interesting difference between CDMA systems and both TDMA and FDMA systems. In
FDMA systems when all frequency channels are occupied and in TDMA systems when all time
slots are occupied, additional users trying to use the system are blocked. For a CDMA system,
the maximum number of users in the system is dependent on the amount of interference and
subsequent performance degradation that is tolerable. Blocking does not occur in a CDMA
system- in the traditional sense; the amount of interference and subsequent performance
degradation increases gradually as more users are added to the system (Calhoun, 1988, pp. 339-
357).

A direct sequence spread spectrum transmission can be generated in different ways. One method
is to first modulate a carrier with the desired data stream and then modulate this signal with the
PN code sequence. Another method, and one that is commonly used, is called bit-inversion
modulation. In this method the PN code sequence is modified by the desired data stream and then
this modified PN code is used to modulate a carrier. Since the PN code is used to spread the
energy in the data stream out in frequency (i.e., greatly increase the signal bandwidth) it runs at
a faster rate than the desired data stream. The individual bits of the PN code, called chips, that
occur during the time period of an information bit in the desired data stream, are unaltered if the
information bit is a zero. If the information bit is a one, however, the chips that occur during this
time period are inverted. At the receiver, the desired data stream is detected by correlating the
received signal with a copy of the correct PN code sequence. In general, the correlation process
determines the degree to which two signals are alike. When the transmitted signal that consists
of the PN code sequence (modified by the desired data stream using bit-inversion modulation) is
correlated with a copy of the unmodified PN code sequence, the desired data stream results.
Undesired signals, including transmissions from other users in a CDMA system using direct
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sequence spread spectrum who are using other PN codes, produce a noise output at the receiver.
This noise acts as an interference to the reception of the desired data stream (Hale, 1989). As in
systems employing frequency hopping, the amount of interference and subsequent performance
degradation in systems employing direct sequence spread spectrum, increases gradually as more
users are added to the system (Calhoun, 1988, p. 355).

Cellular frequency allocations in the United States

Cellular service in the United States has frequencies allocated in two different blocks for each
defined service area. Service areas for licensing of cellular operation were defined by the FCC
based on modifications of definitions by the Office of Management and Budget (OMB). These
service areas consist of 306 Metropolitan Statistical Areas (MSAs) and 482 Rural Service Areas
(RSAs; Code of Federal Regulations, 1992). There are some rural areas within some MSAs and
some RSAs are more "rural" than others. Each of the two different frequency blocks has 416
channel pairs available (21 of these channel pairs are reserved as control channels) with a 30-kHz
spacing. Block A and B frequencies were reserved in the initial licensing by the FCC for non
wireline and wireline carriers, respectively. In addition, transmit frequencies for the mobile-to-
base station and for the base station-to-mobile are separated by 45 MHz. The frequency
allocations for cellular service in the United States are summarized in Table 4-1.

Table 4-1. Frequency Allocations for Cellular Service in the United States

Frequency Block Mobile-to-Base Station Base Station-to-Mobile

Block A 824.04 834.99 MHz 869.04 - 879.99 MHz

845.01 846.48 MHz 890.01 891.48 MHz

Block B 835.02 844.98 MHz 880.02 889.98 MHz

846.51 848.97 MHz 891.51 893.97 MHz

Handoff

The cellular concept of a number of cells covering an area poses a problem. As one travels from
one cell to another, the system needs to switch a call from the base station in one cell to the base
station in another cell. This method of switching a call is known as handoff.

There are two fundamental types of handoff. One type of handoff is based on signal strength
while the other type of handoff is based on the carrier-to-interference ratio. The signal strength-
handoff occurs if the received signal level falls below a specific threshold.- Likewise, the carrier-
to-interference-handoff occurs if the carrier-to-interference ratio falls below a given level.
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In general, handoff is a very important issue in mobile cellular systems and many different
schemes are used. The type of handoff scheme used is influenced by whether the cellular system
is an FDMA, TDMA, or CDMA system. Some manifestations of improper handoff result in
dropped calls and crosstalk. Another potential problem is when a mobile is traveling in an area
where coverage is on the borderline between cells. In this case, it is possible that the mobile will
go through repeated handoffs thus increasing the processing load on the system (Calhoun, 1988,
pp. 98-103).

In rural areas, handoff is not usually an important issue. This is because cellular systems in rural
areas use much larger cell sizes (than in urban areas) and may only use one cell site for an entire
service area.

Power control

In many types of radio systems and in particular in cellular systems, operating with the minimum
amount of transmitter power to allow for reliable operation is desired. In cellular systems, the
primary reason for this is to minimize interference (both co-channel and adjacent-channel) to other
cellular users as well as to other radio systems. Cellular systems have the capability of adjusting
the transmitter power of both the base station and mobile transmitters. The MTSO can monitor
the performance of the whole cellular system and adjust the transmitter power to optimize the
performance of the entire system (Lee, 1995).

Cellular systems in urban and rural areas

While cellular systems were initially designed to provide wireless access to the PSTN for mobile
users, they are also quite suitable for providing this service to fixed users as an alternative to
wireline access. There are two types of fixed cellular operation. In the first type of operation the
cellular system is designed for mobile users. The system can be easily used by fixed subscribers
within the cellular coverage area since fixed subscribers typically have less stringent propagation
constraints than mobile subscribers. The second type of fixed cellular operation is when the
cellular system is designed specifically for fixed subscribers, not mobile subscribers. This type
of fixed cellular operation is what will be discussed here.

Fixed cellular applications are being proposed in various countries around the world in both urban
and rural areas as an alternative to wireline service. Fixed cellular applications in developed
countries are typically in rural areas. In developing countries, fixed cellular systems are
sometimes preferred for both urban and rural areas. In the United States, since most urban areas
have a well-established wireline network, cellular systems are not really used for fixed operation
but are in wide use for mobile communications. However, there is good potential for the use of
cellular systems for fixed applications in rural areas in the United States. Fixed cellular systems
offer some advantages over mobile cellular systems including:
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1) A simplified system design because handoff is not necessary.

2) The ability to use a tall antenna at the subscriber site thereby improving propagation.

3) The ability to use a directional antenna at the subscriber site to reduce interference and
increase system capacity.

4) Less stringent signal-to-interference ratios are required since the fast multipath fading
associated with mobile operation is not present.

Cell sizes for fixed cellular systems in rural areas can be up to approximately 35 miles in radius
(Hashemi, 1992). The use of cellular systems for fixed applications in the United States
represents one type of system that falls under the category of BETRS. This type of service will
be discussed in more detail in a following section. Cellular systems are quite prevalent in the
United States. Although data is not readily available on the number of subscribers that use
cellular systems in fixed applications in the United States, the vast majority of subscribers use
cellular systems in mobile applications. The average monthly bill for cellular service has dropped
steadily since December 1987. As of December 1987, the average monthly bill was almost $97;
as of December 1994, the average monthly bill was approximately $56 (CTIA, 1995). As of
December 1994, CTIA (1995) estimated that there were almost 1600 cellular systems, almost
18,000 cell sites, and over 24 million cellular subscribers in the United States. In another
estimate, MTA-EMCI, Inc. showed that as of December 1994 there were 24.5 million cellular
subscribers in the United States with 2.5 million of those subscribers from RSAs. MTA-EMCI,
Inc. also estimates that 10.8% of the total population in MSAs are cellular subscribers while only
4.5 % of the total population in RSAs are cellular subscribers. Cellular service is available to
about 96% of the U.S. population although the total geographic area coverage is much less,
roughly 50% to 60% (Ross, 1995). A plot showing the geographic areas where cellular service
is available in the United States is shown in Figure 4-11. Both the MSA and RSA boundaries are
shown as thin black lines. The shaded regions represent areas where cellular service is available.
Note that a large geographic area in Alaska is not covered and that this significantly influences
the percentage of total geographic area covered in the United States. The plot shows that there
are large areas in the western United States that are not covered; coverage in the eastern United
States is more pervasive.

Cellular system user services

Cellular systems, like wireline telephone systems, were originally designed for two-way voice
communication. Data communication is becoming much more prevalent on cellular systems. The
specific way data is transmitted over cellular systems is dependent on the type of cellular system.
Data rates up to 9.6 kbps can be reliably transmitted over an AMPS analog cellular channel using
modems with cellular-enhanced protocols. Somewhat higher data rates can be achieved using
compression techniques. Group 3 fax can be provided over an AMPS channel with fairly good
reliability (Berg, 1995).
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A relatively new technology, Cellular Digital Packet Data (CDPD), is available for data
communication over AMPS channels. CDPD breaks data into packets and transmits these packets
over the existing analog cellular network. While CDPD operates at a 19.2-kbps rate over each
AMPS channel, the actual data throughput is around 12 or 13 kbps. CDPD can operate over a
dedicated channel or can transmit packets over a voice channel during times of no voice
transmission. For data communication using CDPD, the cellular carriermust provide the service
and users must have a CDPD modem. Group 3 fax can be sent by transmitting a data file
formatted for fax over the cellular network using CDPD to a server at the receive site. The server
on the receive end then converts the packet data into a data file formatted for fax and sends this
file to a fax machine. Typical costs for CDPD modems are around $400 while a typical cost for
data transmission is about $0.12 per Kbyte.

Although TDMA and CDMA systems are digital, the initial standards for these systems have been
written with voice service in mind. These standards have not yet included specifications for data
operation. In the PCS section that follows, the limitations of data operation over digital systems
designed primarily for voice communication will be discussed.

4.5.3 Personal Communications Services (PCS)

PCS comprises the services and technologies that are the second generation of digital mobile
telephone service. These include both 'voice and data services coupled with the benefits of
advanced network services. While PCS was originally envisioned as an advanced mobile
telephone system based on a microcell architecture, market forces are driving it in the direction
of a system similar to digital cellular but operating at higher frequencies. PCS does, however,
offer paging and short messaging services among other services, not found in digital cellular.

PCS frequency allocation in the United States

The spectrum allocated for PCS in the United States, shown in Table 4-2, is divided into six
licensed blocks and one unlicensed block. The unlicensed block is to be used for low power voice
and data systems such as wireless private branch exchanges (PBXs). Blocks A and B are licensed
within 51 service areas based on the Major Trading Areas (MTAs), and Blocks C, D, E, and F
are licensed within 493 smaller service areas based on Basic Trading Areas (BTAs) set forth in
the 1992 Rand McNally Commercial Atlas & Marketing Guide. The PCS rules (FCC Docket 90-
314) specify that Block A, B, and C "licensees must provide coverage to one third of their service
area popUlation within five years and to two thirds within ten years" and that Block D, E, and F
"licensees must provide coverage to 25 percent of their service area population within five years
or submit a showing of equivalent or substantial service." One intent of these "build-out"
requirements is to ensure service to rural customers.

Technical standards for the PCS air interface are being developed in the Joint Technical
Committee on Wireless Access (JTC). The JTC is a joint activity between Committee T1 and the
Telecommunications Industry Association (TIA). Within the JTC, there are six air interface
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technologies being standardized for the licensed PCS blocks. A seventh standard may be added
which will be based on the Digital European Cordless Telephone (DECT) standard. Four
standards are being developed for the unlicensed band under TIA's TR41.6 technical
subcommittee. Of the six technologies being developed for the licensed band, three are based on
current digital cellular standards. This discussion of PCS will focus on the licensed block
technologies.

Table 4-2. Frequency Allocations for PCS Service in the United States

Frequency Block Mobile-to-Base Station Base Station-to-Mobile

Block A 1850-1865 MHz 1930-1945 MHz

Block B 1870-1885 MHz 1950-1965 MHz

Block C 1895-1910 MHz 1975-1990 MHz

Block D 1865-1870 MHz 1945-1950 MHz

Block E 1885-1890 MHz 1965-1970 MHz

Block F 1890-1895 MHz 1970-1975 MHz

Unlicensed 1910 -1930 MHz
2390-2400 MHz

Proposed PCS technologies

The licensed block PCS technologies can be divided into two types of systems based on intended
coverage. One, called a high-tier system, is targeted for large cell applications much like the
existing cellular systems. The other, called a low-tier system, is targeted for microcell
applications. The high-tier technologies tend to be robust against the impairment effects of radio
transmission, such as multipath from reflections, scattering, and Doppler spreading created by
motion of the mobile. However, high-tier technologies are commensurately more complex and
provide lower quality voice and lower data rates. The low-tier technologies are more intolerant
of multipath and are designed for operation at pedestrian speeds. However, low-tier technologies
provide higher quality voice and higher data rates. Cell radii for the high-tier systems can range
up to a few tens of miles while cell radii for the low-tier systems range only up to a few hundred
yards.

All proposed PCS technologies are digital. In digital transmission of voice, the original analog
voice signal is converted to a sequence of binary numbers (bits), encoded with error detection and
correction bits, modulated, possibly spread in frequency, and then transmitted. At the receiver,
the signal is despread if needed, demodulated, decoded, and then converted back into an analog
voice signal.
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PCS systems can provide data transmission services in addition to voice services. There are two
primary ways to provide data transmission in a PCS system designed for voice transmission. In
one case, the data stream bypasses the voice encoder and is injected directly into the digital
system. This is the most appealing method since it provides the maximum data rate. The
difficulty is that it requires specific modifications to the PCS system. There must be special
equipment at both ends of the radio link to give access to the data stream, thereby adding to the
cost of the service. The other approach is to use the more traditional voice-band modem and not
bypass the voice encoder. A traditional voice-band modem modulates an audio frequency carrier
with the data stream for transmission over a voice circuit. The frequency spectrum of the modem
output falls within the required voice bandwidth.

In using the voice-band modem, the characteristics of the voice encoder are important. There are
two basic methods of voice encoding used by PCS systems to convert the analog voice signal into
a digital bit stream: waveform (or direct) encoding and predictive encoding. Waveform encoders
tend to provide very high quality voice transmission, but require a higher bit rate. The higher bit
rate reduces the spectrum efficiency of the system for voice circuits. Predictive encoders require
a lower bit rate and are, therefore, more spectrally efficient, but provide poorer voice quality.
Because of the higher data rate of the encoder, waveform encoders provide a greater voice
bandwidth than do predictive encoders. Therefore, waveform encoders can support voice-band
modems with higher data rates than predictive encoders. Data transmission, using a traditional
voice-band modem, will result in a lower data rate than that achievable by bypassing the voice
encoder.

Table 4-3 lists the six PCS technologies being standardized for the licensed PCS blocks and their
associated system parameters. In this table, "Base Technology" indicates the name of the
technology and whether it is a new technology or based on an existing cellular standard. "Access
Method" indicates the multiple access method used, either TDMA, CDMA, or a hybrid of the
two. "User Bit Rate Per Traffic Channel" is the same as the voice encoder bit rate without
signaling or coding bits added.

PCS network architecture considerations for rural areas

As with the cellular telephone systems, PCS mobile network design is based on the cellular
frequency reuse concept. In a mobile network, the system is either coverage-limited or
interference-limited. Each base station has a certain number of radio channels available to it, and
the provider would like to have as many revenue generating calls as possible at any given time.
In the coverage-limited case, the subscriber density is low; therefore the cell is designed for
maximum coverage. In the interference-limited case, the subscriber density is high. To provide
the capacity needed, the cell size is reduced and the number of available radio channels is limited
by interference' from other nearby cells. Rural systems will likely be coverage-limited so the
design would tend to maximize coverage area.
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Table 4-3. Proposed PCS Technologies and Associated Parameters'

Base
Technology

Omnipoint
(new)

IS-95 PACS
(new)

IS-54 GSM W-CDMA
(new)

Access
Method

TDMA/
CDMA

DS-CDMA TDMA TDMA TDMA DS-CDMA

RF Band-
width

5 MHz 1.25 MHz 300 kHz 30 kHz 200 kHz 5 MHz

User Bit
Rate per
Traffic

Channel

8 kbps Two rates
available:
8 kbps or
13.3 kbps

32 kbps 7.95 kbps 13 kbps 32 kbps

System Type High and
Low Tier

High Tier Low Tier High Tier High Tier High and
Low Tier

Voice
Encoder

Predictive Predictive Waveform Predictive Predictive Waveform

System
capacity

relative to
AMPS

5x 10x 0.8x 3x 3x 16x

The traditional high-tier cellular-type network is intended to serve mobile subscribers from fixed
base station sites. The base stations use an omnidirectional antenna where offered traffic density
is low or they use a sectorized antenna when additional capacity is needed. Because of the wide
area coverage and the motion of the subscriber, the radio link can be subject to severe multipath.
To overcome this, equalizers, error correcting codes, and low rate voice encoders have to be used.
This allows only lower rate data transmission. However, when the subscriber is fixed, such as
in wireless local loop, the radio link can be engineered to reduce the multipath. In this case, a
low-tier system can be used to allow a higher data rate. Data rates can also be increased by
aggregating traffic channels. While not currently available, this capability is planned for future
enhancements to some PCS technologies.

The optimal PCS design for rural areas might be a two-component design. A traditional high-tier
system could be used to provide service to the mobile subscribers. Fixed subscribers could be
serviced with a higher data rate low-tier system. For service to fixed subscribers, directional
antennas, which reduce multipath, could be used at both ends of the radio link. A single high-gain
antenna at the subscriber site and a multisectored high-gain antenna at the base stationcould be
used. The data service could be provided either by bypassing the voice encoder or via a voice-
band modem. To put things in perspective, wireline data rates with a voice-band modem can be
as high as 28.8 kbps. In a T-carrier system, the data rate is 64 kbps for a DSO channel and is
1.544 Mbps for a full Ti line (24 DSO channels). Maximum user data rates for proposed PCS

' Table 4-3 is courtesy of Charles I.Cook, US West Technologies and Jason Losh, Motorola.
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systems are found in Table 4-3. A high-tier system will provide a lower data rate than a low-tier
system, and both will be lower than wireline rates.

Cost considerations for PCS

The issue of cost is one that is difficult to characterize. It is a function of economies of scale,
supply, and demand. Technologies that are widely deployed and manufactured in large quantity
naturally cost less than those for which there is little demand. The cost to the service provider
is, in general, much higher for rural users than for urban users since, in the urban environment,
one can expect a higher number of users per total infrastructure dollar. The issue of how data is
transmitted is related to cost. To get the highest data rates, the voice encoder needs to be
bypassed. As mentioned previously, this requires special equipment at both ends of the radio link.
If there is large demand for this type of service then the cost will come down. However, the
current PCS standards have no specific provision for bypassing the voice encoder.

Spectrum auctions for Blocks A and B were completed in mid-March, 1995. Winners who have
announced the technology they will deploy, will use either the IS-95-based CDMA or the GSM-
based TDMA technologies. Given this, it is expected that the cost of these technologies will
decrease as multiple manufacturers compete for customers. Reduced cost for infrastructure should
translate into reduced cost to the subscriber.

Competition between PCS operators as well as with the cellular providers should tend to drive the
cost of service down. However, because they will be competing with the existing cellular
operators for subscribers, the PCS providers will have to develop a large infrastructure before
they can begin service; they will also have had to pay for spectrum. This will mean that their
initial costs will be very high and will tend to drive the cost of service up. Therefore, competition
and the initial high costs should tend to drive the cost of service in opposite directions.

4.5.4 Wireless Private Branch Exchange

The wireless private branch exchange (WPBX), while more complex than a cordless telephone,
is not as complex as a PCS system. The cordless telephone is typically used in residences. It has
a base station connected to the PSTN that is dedicated to a single telephone. No airtime charges
are accrued. The PCS telephone is expected to be the next generation cellular handheld telephone.
PCS telephones may use base stations deployed throughout a metropolitan area. The base stations
are installed and operated by a telecommunications firm and users are charged based on the
amount of time they use the system (airtime). The WPBX base station is connected to the PSTN
through a building's existing wired private branch exchange (PBX). WPBX telephones can roam
freely within the WPBX coverage area and communicate with any of the base stations in the
building or perhaps throughout a campus. The WPBX system is user-owned so there are no
airtime charges.
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Most WPBXs are an adjunct to an existing PBX. They consist of a controller, base stations, and
handsets (Kirvan, 1993). The base station provides the radio link to the handset. Base stations
are connected to the controller by twisted wire pairs. The controller routes calls from the PBX
to the appropriate base station. The handset is small and battery-operated.

WPBX systems are available that operate in the industrial, scientific, and medical (ISM) bands
for unlicensed operations and at 860 MHz for licensed operations (Datapro, 1992b). The ISM
bands are located at 902-928, 2400-2483, and 5725-5875 MHz. Systems in these bands operate
under FCC part 15.247 rules. Transmitters in these bands have restrictions on transmitted power
and must use either frequency hopping or direct sequence spread spectrum techniques to minimize
cochannel interference. Part 15.247 users are not protected from interferers with higher priorities
such as amateur radio operators or microwave heating devices.

In addition to operation in the ISM bands and at 860 MHz, WPBX systems will be developed for
use in the unlicensed PCS band (1910-1930 MHz). This is a new band where users share
spectrum resources and are required to abide by a spectrum-sharing etiquette. The advantage of
this band over the ISM bands is that there are no priority users. Thus, if users follow the
spectrum etiquette, they are assured the same privileges in the band as others. The disadvantage
of this band is that there are previously-licensed users who have to be moved. Until they are
moved, they have protection from unlicensed PCS interference.

Base station coverage for WPBXs ranges from a 50- to 100-foot radius with obstructed paths
indoors to a 300- to 500-foot radius with unobstructed paths outdoors. The power output of
WPBX handsets operating in the ISM bands (100 milliwatts) is considerably less than a handheld
cellular telephone (600 milliwatts). Batteries typically supply 2 to 3 hours of talk time. Most
handsets offer 9600 bps data interfaces for fax and computer applications.

Systems are available for small, medium and large buildings. A small WPBX may have up to 10
base stations and 30 users, a medium WPBX may have up to 20 base stations and 40 users, and
a large WPBX may have several hundred base stations and 1000 users. The cost of a WPBX
telephone is over $1000 when the controller and base stations are averaged into the cost of a
telephone (Newton, 1993). This cost is more than that of a conventional desk telephone but not
prohibitive to many businesses.

The WPBX is now used where there is a high concentration of workers needing mobile voice
communications such as in a hospital or factory. Purchase of the telephones is typically justified
by the increase in personnel productivity. As enterprises trim costs, more employees will be
given WPBX telephones to enable them to be more productive. A disadvantage of WPBX
telephones is that they cannot be used when out of range of a WPBX base station. To counteract
this limitation, some WPBX telephones are now dual mode in that they are capable of working
as a cellular telephone when outside the range of a WPBX base station.
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4.5.5 Rural Radio and Subscriber Radio

Since the early 1950's, wireless access to the PSTN using analog FM radio technology has been
used in rural areas. These systems, classified as rural radio, were not in widespread use, and in
most cases, were requested by the subscriber as opposed to a service that was initiated by the
service provider and offered to subscribers. Rural radio using analog FM technology was
expensive, required too much AC power, was unreliable, and was spectrally inefficient. Even
with all of these problems, there were some applications where this service was a better solution
than the alternatives of providing wireline service or no service at all. According to Calhoun
(1992, p. 153), the cost of installing a system for a single subscriber in an isolated area ranged
between $3000 and $10,000.

Before the FCC final ruling was published on BETRS on Feb. 4, 1988, wireless access to the
PSTN in rural areas in the United States was available under the FCC's Rural Radio Service
classification. Frequencies were authorized for use in both the 150-MHz and 450-MHz bands.
Besides the reasons mentioned above, rural radio was not used very much because licenses were
only available with a secondary status. Licenses for Public Land Mobile Service were issued with
a primary status. This meant that if a rural radio system caused interference to a Public Land
Mobile Service licensee, the rural radio system licensee would have to eliminate the interference
or cease operation. Furthermore, future licenses could be granted to the Public Land Mobile
Service, but the Rural Radio Service system would still have to ensure that it did not cause
interference, even if it had a pre-existing license. Therefore, service provided under the Rural
Radio Service was not used very much, since it was a large economic risk (Schrage, 1989).

In the 1970's, a new type of system providing wireless access to the telephone network for fixed
applications was developed. This system is called thin-route point-to-multipoint microwave
(sometimes called subscriber radio). A basic subscriber radio system consists of a central station,
any number of subscriber stations, and repeaters. A typical architecture for one of these systems
is shown in Figure 4-12. The central station uses an omnidirectional antenna while each
subscriber station uses directional antennas and is located within line-of-sight of the central
station. Repeaters are then used to extend coverage beyond line-of-sight. A coverage area with
radii of hundreds of miles can be achieved (Morris and Le-Ngoc, 1991). These systems typically
use a subscriber station to serve a cluster of individual subscribers. Wire is used to connect the
individual users to the subscriber station but a radio link connects the subscriber stations to the
central station. In the past, subscriber radio was not a practical solution for users who were
widely spread out over a large area, since it was generally too costly to provide a separate
subscriber station for each user. Now, low-cost subscriber stations are available that are more
suitable for serving isolated subscribers (Lloyd, 1994). For example, one manufacturer provides
a low-cost subscriber station that can serve up to two users. Although subscriber radio can
provide service to isolated subscribers, it is best used (most economical) in situations where there
are clusters of users in very remote areas.

One implementation of a subscriber radio system, used extensively throughout the world, uses 64-
kbps pulse-code modulation (PCM) and TDMA to provide the users with high-quality
communications service. Using 60, 64-kbps trunks and assuming an average traffic intensity of
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2.5 CCS, 670 subscribers can be served with a .01 probability of blocking from a single central
station. This is the system capacity using a single central station. Systems can be easily
configured at a lower cost to provide service to fewer subscribers. Subscribers can then be added
later until the system capacity of the single central station is reached. Growth beyond this number
of subscribers, assuming the same traffic intensity and grade of service, would require adding
another central station and one or more subscriber stations. The system is capable of operating
at frequencies between 1.3 and 2.7 GHz. A minimum system configuration, consisting of a
single central station with no repeaters, will use 3.5 MHz of bandwidth for transmission from the
central station to the subscriber stations and will use an additional 3.5 MHz of bandwidth for
transmission from the subscriber stations to the central station. The use of additional central
stations or the use of repeaters requires additional bandwidth. Typical systems will use a
transmitter power of up to a maximum of about 3 watts (total power of all channels combined) for
transmitters at both the central station and the subscriber stations. The typical area coverage of
a system configured without any repeaters is about a 20- to 25-mile radius from the central station
using antenna heights around 100 to 150 ft at the central station and around 30 ft at the subscriber
stations. Range is dependent upon terrain but can, in general, be extended by going to higher
antenna heights and/or by using repeaters. The absolute maximum range of the system is limited
to about 445 miles because of propagation delay. Systems can be configured in a variety of ways
depending upon the distribution of the subscribers in the area to be covered. Different subscriber
stations are available to provide service for up to 256 clustered subscribers. Services that can be
provided include voice, Group 3 and Group 4 fax, data up to 64 kbps, and Integrated Services
Digital Network (ISDN) capability.

While subscriber radio is used in many locations throughout the world, it is used only on a very
limited basis in the United States, since the necessary spectrum for point-to-multipoint microwave
subscriber radio operation has not been allocated (Calhoun, 1995, p. 154).

4.5.6 Basic Exchange Telecommunications Radio Service (BETRS)

BETRS is a service established by the FCC that connects subscribers to the PSTN by means of
radio. BETRS, as defined under the Rural Radio Service by the FCC, is a radio service between
fixed subscribers and a central office that provides public communication service in rural areas.
BETRS service can also be provided under the Domestic Public Cellular Radio
Telecommunications Service, as a connection to the PSTN by means of cellular telephone to fixed
subscribers in RSAs and rural areas within MSAs (Code of Federal Regulations, 1992). In
addition to the aforementioned descriptions, BETRS, is defined by the FCC as a radio service
operating in specifically designated frequency bands.

BETRS frequency bands

The 150-MHz and 450-MHz bands were authorized for BETRS on a coprimary status in the FCC
final ruling published on Feb. 4, 1988. Authorizations included 18, 30-kHz channel pairs in the
150-MHz band and 26, 25-kHz channel pairs in the 450-MHz band. Additionally, 50, 25-kHz
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channel pairs were authorized for BETRS in the 800-MHz band on a coprimary status with the
Private Radio Service (Code of Federal Regulations, 1992). BETRS systems operating in the 800
MHz band cannot be used within 100 miles of the border of the top 54 MSAs. They also cannot
be used within 68.4 miles of the borders of Canada or Mexico. BETRS may also be provided
using cellular telephone frequencies but BETRS has secondary status while mobile cellular has
primary status (Schrage, 1989). If any interference occurs to the mobile service, the BETRS
operation bears the responsibility of correcting the interference or ceasing operation. Although
BETRS operation in the cellular band has a secondary licensing status, it is expected that plenty
of voice channels will be available in rural areas in the cellular band and that interference between
BETRS and cellular mobile will not occur (Popp, 1989). The specific frequency allocations for
BETRS systems can be found in the latest Code of Federal Regulations, Title 47, Part 22.

The goal of BETRS service is to provide a quality of service at least as good as wireline service.
The subscriber should not be able to distinguish the operation of a BETRS system from wireline
service and the BETRS equipment should interface directly with standard telecommunication
interfaces.

BETRS architectures

BETRS systems can be classified by their type of architecture; they can be either point-to-
multipoint or point-to-point systems. Point-to-multipoint systems are used when individual
subscribers are spread out over a wide area. A typical configuration of a system such as this is
shown in Figure 4-13. The BETRS system consists of a radio base station that can either be at
the central office or at another location. Connection between the radio base station and the central
office can be either via copper wire, fiber optic cable, or microwave link. Each individual
subscriber has a dedicated antenna and radio. In this -typical configuration it is common to use
an omnidirectional antenna at the base station and directional antennas at the individual subscriber
sites. One or more repeater sites may be used to extend coverage to another wide or localized
area. Using repeaters does require additional frequencies, though. Service can also be extended
by using a booster. A booster reuses and retransmits the same frequencies to other areas and
hence is similar to a repeater without using additional frequencies. Care must be taken to ensure
that co-channel interference between the original service area and the extended service area
provided by the booster is minimized.

Point-to-point systems are used in situations where there are clusters of subscribers. An example
configuration of this type is shown in Figure 4-14. The system components are similar to the
point-to-multipoint systems in that there is a radio base station at the central office or at another
location. In the simple point-to-point system, a subscriber station can serve many subscribers that
are within a cluster. A directional antenna is used both at the radio base station and at the
subscriber station. Individual subscribers are connected to the subscriber station via copper wire.
Repeaters or boosters can also be used with point-to-point systems to increase the coverage range
(Rural Electrification Administration, 1990).
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Example BETRS systems

A currently available BETRS system, providing a point-to-multipoint capability, consists of a
radio base station, a central office terminal, and subscriber stations. The central office terminal
connects with the central office switch and provides control and management of the entire BETRS
system. A standard two-wire connection is used to interconnect the central office terminal (part
of the BETRS system) to the central office switch. The radio base station can be located right at
the central office terminal or can be located elsewhere. Connection between the radio base station
and the central office terminal is made by up to six standard T1 lines. The subscriber station is
located outdoors usually near the individual subscriber. Copper wire is then used to connect to
the subscriber's standard telephone premise wiring.

The system allows for different configurations depending upon the number of subscribers to be
served. Up to 24 channel pairs (25 kHz each) can be used for a given radio base station. TDMA
is used to provide four individual voice circuits per channel. Therefore, up to 95 trunked circuits
are available (one trunked circuit is used for system control) for subscribers. Up to 564
subscribers can be served with a .01 probability of blocking, assuming a traffic intensity of 2.7
CCS per subscriber using one radio base station. In general, service can be provided within
approximately a 35-mile radius of the radio base station using typical base station antenna heights
of 125 to 200 ft and subscriber station antenna heights of about 30 ft. Transmitter power at the
radio base station is approximately 4 watts per channel and at the subscriber station is about 2
watts. This system can support data modems at speeds up to 2400 bps and Group 3 fax in
addition to wireline quality voice service. For service to areas where clusters of subscribers exist,
a subscriber station is available that will serve up to 64 users. Each individual user is connected
to the subscriber station via copper wire.

Another commercially available BETRS system uses a point-to-multipoint configuration-with a
radio base station providing a radio link to individual subscriber stations using FDMA. This
system can provide service to up to 48 subscribers using a single base station with 6, 25-kHz
frequency pairs. A grade of service with a probability of blocking of .05 can be provided
assuming a traffic intensity of 2.15 CCS per subscriber for the busiest hour. Each subscriber line
is connected to the central office via a standard two-wire analog connection on the radio base
station. Analog FM is used with a base station transmitter power of 1.5 watts per channel and
a subscriber station transmitter power of 2 watts. A 30-mile radius coverage area can be provided
assuming line-of-sight propagation, a base station antenna height of about 100 ft, and a subscriber
station antenna height of 20 to 25 ft. In addition to high-quality voice service, data modems with
speeds up to 14.4 kbps and Group 3 fax can be supported. Point-to-point systems are also
available to serve subscribers with heavy anticipated usage.

Projected market for BETRS

A significant amount of effort has gone into estimating the potential number of subscribers for
wireless access to the PSTN. Equipment manufacturers, service providers, and the Rural Utilities
Service (RUS) have been interested in this information.
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One estimate of the potential market for BETRS in rural areas in the United States was developed
by the Rural Electrification Administration (REA; now called the RUS). The overall estimate was
developed from three separate estimates. First, the unserved phone demand was estimated.
Unserved phone demand is the number of potential subscribers in an uncertified land area. An
uncertified land area is a region where there is no certified telephone company. The unserved
phone demand is based on estimating the number of potential subscribers who live in an
uncertified land area, want telephone service, and can afford it. An estimated potential subscriber
density (number of potential subscribers per square mile) in uncertified-land areas was determined
and multiplied by the amount of uncertified land area (in square miles). The REA estimated that
the unserved phone demand in the United States was approximately 150,000, but suggested that
this was a very conservative estimate and that the actual number was probably much higher
(Schrage, 1989). In general, the unserved population in very remote areas is quite spread out,
typically having less than 10 customers in a given area. However, an example of a very large
unserved population all in the same area is the Navaho Indian reservation where estimates indicate
that up to 80,000 people do not have telephone service ( Schrage, 1989).

Next, the number of homes in certified areas (regions where a certified telephone company did
exist) that did not have phone service was estimated. According to a survey by the Telephone and
Data Systems Company, most of the households that did not have telephone service had no service
because they didn't want it; only 5.8% of the unserved households had no service because none
could be provided. Under the assumption that this percentage was essentially the same throughout
the United States, and using an estimate of the number of homes without telephone service in the
United States (with the assumption that all these homes were within certified areas), the REA
estimated that there were approximately 330,000 potential subscribers in certified areas.

Finally, the number of potential .subscribers to use BETRS to achieve an upgrade in service from
4- or 8-party line service was determined. This estimate was based on the number of known party
line subscribers of REA borrowers (approximately 400,000) from the December 1983 annual
statistical report on rural telecommunications borrowers.

The overall REA estimate of potential BETRS subscribers in the United States based on these
three factors was approximately 880,000. The REA considered this a very conservative estimate.
This type of projection of the number of potential subscribers is difficult to determine accurately.
This estimate was made by the REA based on data from 1984 or earlier; hence, these estimates
do not necessarily reflect the current situation. Certainly the estimate of the number of known
party line subscribers of REA borrowers has changed drastically since 1984. By the end of 1994,
the number of 4- or more party line subscribers of REA borrowers had dropped to about 28,000
(Rural Utilities Service, 1995). In addition, not all of the party line subscribers would be
converted to single-party service using BETRS. In some cases, wireline would be more
economical than wireless access. Calhoun (1992, p. 186) estimated that for 20 - 50% of rural
party line subscribers, wireless access would be less costly than wireline access. The estimate of
the number of potential subscribers to use BETRS for party line upgrade only included service
providers that were REA borrowers; service providers that did not borrow from the REA were
not included. Two-party line service was not included in the REA party line upgrade estimate.
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The REA estimate.did not take into account the addition of new subscribers. In the United States,
about three million new access lines are provided each year. Of this, Calhoun (1992, p. 186)
estimated that 20% of these access lines are in rural areas and that 10% (300,000) are suitable for
wireless access. Also, there is potential for BETRS to replace old and deteriorating copper wire
in rural areas. Calhoun (1992, p. 186) estimated that approximately five million lines require
replacement or significant repair in the United States every year. Of this, he estimated that about
20% of these lines lie in rural areas and that several hundred thousand lines would be appropriate
for wireless replacement.

Several other studies concluded that the demand for wireless access in rural areas in the United
States would be approximately several hundred thousand lines per year with a total potential
market of several million lines. While these studies have shown this kind of demand, actual
penetration of BETRS has been significantly less than these studies have indicated. According
to Calhoun (1992, p. 38), as of the early 1990's, there were more than 50 BETRS systems
operating in the United States with several thousand subscribers.

The REA conducted a survey regarding the potential use of BETRS in which more than 330 REA
borrowers responded. From this survey, 91% of the demand for BETRS systems came from
Michigan and states west of the Mississippi River (excluding Missouri and Utah). The 9%
demand for BETRS east of the Mississippi River came primarily from areas in and around the
Appalachian Mountains. The survey showed overwhelmingly that potential subscribers would
demand single party service even though party line service might provide a more inexpensive
means of service. The ability to provide pay phone service was found to be a service that was in
demand. Telephone lines for businesses were shown to be in high demand. Finally, the survey
showed that the use of wireless access would be the greatest in homes, cottages, ranches, and
camps. The next greatest usage was found to be for mining operations and forest ranger sites.
Numerous other industries, businesses, groups, and organizations were listed as potential users
of wireless access to the PSTN.

4.6 Radio Paging

Radio paging began in 1949 with the allocation of frequencies in the low VHF band (30-50 MHz)
exclusively dedicated to one-way signalling services. Subscribers used AM receivers, listened
for an operator to announce their number, and then called the service to receive their messages.
Selective addressing (the ability to choose one individual pager from the group) was introduced
in the mid 1950's and FM was first used in an experimental paging system in 1960. This
experimental system also featured fully automatic operation with no operator intervention. It
operated within the high VHF band at 150 MHz, a frequency band that was allocated for paging
several years later. These early pagers emitted an alarm when addressed; pagers that could
display phone numbers were introduced in the 1980's. Pagers with alphanumeric displays made
their debut in the early 1990's. In addition to complete messages that can be sent and stored in
these pagers, a number of other services such as stock market and sports score reporting are
available.
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Pagers typically use frequency-shift keying (FSK) modulation with a bandwidth of 20 kHz and
a maximum frequency deviation of 5 kHz. Pagers operate at frequencies in the 30- to 50-MHz
range, the 150- to 170-MHz range, the 450- to 470-MHz range, and around 900 MHz.
Addressing is accomplished by using tones or through a digital protocol that was devised by the
British Post Office in 1978. The tone formats are restricted to tone alert or tone plus voice
message (a short spoken message follows the alert tone) paging only. These, formats fall into two
categories: a two-tone systein and a 5/6-tone system. In the two-tone system, a sequence of two
tones out of sixty that are available uniquely identify a given pager. This system is used in older
equipment but is still supported. It allows 3,540 unique paging addresses but typically requires
four seconds or longer to transmit an address because of stability considerations in the analog
filters. The 5/6-tone system uses a sequence of five or six tones out of twelve that are available
to uniquely identify a given pager. The 5/6-tone system can address up to 100,000 pagers and
features an addressing rate of five pagers per second (200 milliseconds per address).

Digital paging gained widespread usage in the early 1970's because of the speed advantage it
offers over tone-dependent methods. Digital formats also offer error correction and battery-saving
features that are not available in tone-operated systems. The public domain Post Office Code
Standard Advisory Group (POCSAG) format is commonly used to provide two million distinct
addresses and a data rate of 2400 bps. This translates to about 75 calls per second for alarm:only
paging, 25 calls per second to distribute a ten digit message, or about 6 calls per second for a 40
character alphanumeric message.

Radio paging usage is expected to expand significantly in the near future. Usage in 1994
encompassed 24.5 million units and is expected to increase to 56.2 million by the year 2000 and
92.2 million by 2005. One driving force for this expansion is the narrowband PCS spectrum
recently auctioned by the FCC that will be used for two-way paging, probably beginning next
year. Initially this two-way capability will allow users to send preprogrammed responses and will
be used to alert local service providers when a user changes coverage areas. Full alphanumeric
two-way operation is expected to develop rapidly. The primary market for this service will
probably be users of laptop computers and personal digital assistants (PDAs). In these cases, the
paging device will probably be a plug-in card.

The impact of radio paging in rural areas must be assessed with two primary considerations in
mind. The first is the relatively low startup costs associated with the industry, allowing small
local services to exist in limited rural markets. The second is the aggressive marketing that has
been recently used by the radio paging industry to create an awareness of paging as a consumer
and retail service, rather than just a business application. Pagers that are smaller and produced
in different shapes and colors have been used to increase retail sales, and the advent of new, more
consumer-oriented services should also produce the same effect. Paging also makes efficient use
of the radio spectrum.
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4.7 Packet Radio

Packet radio is a method of transferring digital data over a radio channel. A radio channel has
several properties that can corrupt digital data as it moves through the channel. One of these
properties is noise. Thermal noise generated within the radio equipment can distort the digital
signal causing the wrong digital symbol to be detected. Broadband noise sources such as electrical
appliances that contain motors, automobile ignition systems, and circuits that involve switching
relays can produce noise that corrupts digital data. Another property of the radio channel is
fading. The received signal level can vary as a function of both time and location. The signal
level can fade down to a level that is too low for the digital data to be detected. This can
introduce errors in the received data. Interference is another property that can corrupt digital data
that is being sent through a radio channel. Interference comes from many sources. A complex
mixing of various transmitted signals from nearby transmitters will cause interference. A
transmitter that is in need of maintenance can produce signals on the wrong frequency, causing.
interference. Because of the effects of noise, fading, and interference, the radio channel can be
a hostile environment to digital data. Packet radio was created to combat these hostile properties.

In packet radio, a short message, entered by a user, is converted into a stream of digital characters
by the electronic hardware. Transmitting this stream in a single radio transmission would block
other users of the radio channel for an unacceptably long period of time. If one or more of the
characters in this single long transmission were to be corrupted, the entire message would have
to be resent, again blocking other users of the radio channel for an additional period of time.
Packet radio avoids this problem by dividing the stream of characters into many smaller streams
called packets. A packet can be any length up to a predefined maximum. The maximum length
is a trade-off between efficiency and robustness. Smaller packets are more robust and better able
to get through difficult radio channel conditions; however, smaller packets generate more
overhead. The larger overhead in smaller packets results in a decrease in throughput, causing_ the
message to take longer to get through. For a typical packet length of 512 characters, a 2048
character message takes a minimum of four transmissions to send. If the data becomes corrupted,
a packet would have to be resent resulting in an additional time delay. However, having to resend
a packet is faster than having to resend the entire message.

The receiving. station needs to know when a packet has been corrupted and needs to be resent.
The procedure for determining if a packet has been corrupted is known as error detection. In
error detection, extra characters are added to each packet before it is transmitted. These extra
characters are determined from operations performed on the message characters. The receiving
station performs the same operations on the message characters in the received packet and
compares the result to the extra characters in the received packet. If they agree, the data was
received correctly and an acknowledgment is sent to the sending station. If there is disagreement,
the receiving station sends a request to the sending station to retransmit the packet.

Sometimes, only a few characters are corrupt in a packet. It seems wasteful to resend all of the
characters (for example, 512 characters) to correct only a few characters. Therefore, error
correction techniques have been developed to allow the receiving station to calculate which
characters are corrupt and what the correct character should be. These techniques work in a
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manner similar to error detection by adding additional characters to the packet. These additional
characters increase the time to transmit a packet but they increase the overall throughput by
reducing the probability that a packet will need to be resent.

Additional characters are added for control purposes. The receiving station needs to know how
to route the incoming packets and who to bill for the transmission. Therefore, the addresses of
both the station sending the messages and the station to receive the message are added to each
packet. Sometimes, special start and end characters are added to aid in synchronizing the radio
receiver. Not all transmitted packets carry user information. Control packets are transmitted to
keep the sending station and receiving station synchronized to ensure that the order of the
information-bearing packets is preserved. An additional character is added to define whether a
packet contains user data or is a control packet.

In a typical packet radio exchange, an information-bearing packet is transmitted. The receiving
station decides whether it received a good or corrupt packet. The receiving station transmits back
to the sending station either an acknowledgment of a good packet or a request to resend the
packet. These transmissions continue back and forth until the entire message is sent. Sometimes,
the sending station does not receive a response from the receiving station. This could happen if
the receiving station does not receive a transmission from the sending station. It could also
happen if the sending station does not receive' a response from the receiving station. If the sending
station does not receive a response from the receiving station, the sending station will wait
indefinitely for the response from the receiving station. To prevent this, a timeout period is
defined for the system. If the receiving station's response is not detected after the timeout period
has expired, the sending station will retransmit the last packet. The sending station will continue
to timeout and retransmit until either the receiving station's response is detected or a maximum
number of retries is reached. Typically, the timeout value has a range of 2-6 seconds. This cycle
of waiting and retransmitting is the main cause of delays in a packet radio system. Providing
adequate radio coverage helps to minimize this delay.

With packet radio, it is possible to allow more than one user to send a message at the same time.
The packets arrive at the receiving station interleaved. This is not a problem since the receiving
station has the intelligence to sort and recombine the packets to put the original messages back
together again. Unfortunately, throughput lowers quickly when multiple users simultaneously
share the same channel. Throughput for each user is decreased to one-half the original rate when
two users simultaneously share the same channel. A proportionate decrease in throughput for
each user occurs as additional users simultaneously share the same channel. This property of
packet radio is combated by providing more channels and/or reducing the coverage area to
decrease the chances of having multiple simultaneous users on a channel.

Packet radio is a very useful tool for sending a message through the radio channel. It has built-in
._schemes to combat the problems inherent in data transmission over the radio channel. Message
content security can be added easily when the packet size is kept small. Many commercial
providers take advantage of the fact that billing is made easier if the customer is charged on a per
packet basis. In this way, the customer is billed only for the airtime that the message consumes.
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Commercial packet radio services

A popular use of packet radio is to provide a radio channel from a service provider to an end user.
The end user can be either mobile or at a fixed location. To use this service, a special packet
radio modem is required. The modems are available for between $500 and $800. The modem
will work with various desktop computers, notebook computers, and even some of the new, small
personal digital assistants. There are several commercial services currently available using packet
radio technology. They are providing a means for organizations to send messages and information
to their personnel in the field. The communication is two-way so field personnel can send a
response back or initiate a message. Automatic roaming is available on some systems. A user
can travel from one coverage area to another and their messages will follow them automatically.
Field personnel can use this service to search a database for needed information. Transportation
services can send messages used to track the location of goods. Written work orders can be
dispatched through this service.

Connectivity is not limited to interorganizational destinations. Third-party service providers are
offering gateways to users that do not have a direct connection. A gateway is available to send
electronic mail to users of the Internet. News and stock quotes are available. A user can send
a text message and have it sent to a telephone fax machine. A telephone operator is available to
take a message and send it to a user of the packet radio service. These services are available for
under $100 per month on an unlimited usage basis or a price per packet basis.

Typical commercial packet radio systems operate at data rates of 4.8 kbps, 8.0 kbps, and 19.2
kbps. The lower rate service limits the uses to short (under 2 Kbytes) messages. The middle rate
service allows for large messages (under 20 Kbytes). The higher rate service makes it practical
to transfer large amounts of data. Internet services other than electronic mail become practical.
Small to medium size databases or spreadsheets can be transferred. Browsing a text version of
the world wide web becomes possible.

Coverage areas for packet radio systems

The coverage areas for current systems are targeting the areas of high population density. Two
commercially available services claim to cover 90% of the business population in the United
States. Over 10,000 cities have coverage by one or more service providers. There are many
small towns included in the listed coverage areas but these small towns are located near big cities
and are being covered as part of the big city network. For example, in Colorado, Erie (population
1258), Frederick (population 988), and Dacono (population 2228) are located in an area that
would appear to be rural to a traveling motorist. These towns are located 15 miles from the
Boulder metropolitan area (approximate population 83,000). In Virginia, both Elkton (population
1935) and Grottoes (population 1455) have coverage because they are located about 15 miles from
Harrisonburg (approximate population 31,000). The rural areas that have coverage are within
about 15 miles of a nonrural city.
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Packet radio systems can be divided into two categories: those that operate on FCC-licensed
frequencies and those that do not. The licensed systems deploy base stations around the desired
coverage area and operate on frequencies between 800 MHz and 1000 MHz. The typical range
of a base station is 10-15 miles. The base stations are located to give contiguous coverage of an
area. Some overlapping is encouraged to strengthen system operation in the fringe areas. The
base stations can operate on up to 16 frequencies simultaneously so that one base station, can
provide acceptable service for up to 50 users simultaneously. Since it is highly unlikely that all
users will send a message at the same time, up to 500 users can be covered by one base station.
To serve even more users, the base station's power can be lowered allowing more base stations
to be installed in an area. To prevent running out of frequencies, the frequencies are reused in
nonadjacent coverage areas.

Adapting current commercial systems for rural areas

Current commercial packet radio technology emphasizes covering the densely populated areas.
With some modifications, this technology could be used to provide coverage in a rural area. Since
the population density is low in a rural area, an approach would be to increase the coverage area
of each base station. This could be accomplished by using higher antenna towers. A 500-ft tower
provides approximately a 32-mile radius of coverage. A 1000-ft tower would extend coverage
to approximately a 45-mile radius. Transmitter power or antenna gain would have to be increased
to make up for the higher loss caused by the increased distances. Higher transmitter power
translates into higher costs per user in the rural areas.

Since packet radio is a two-way service, some changes are needed at the user's end as well. The
user's modem would -have to transmit-over increased distances. The user's transmitter power
would need to be increased. This could be mitigated by using an antenna with higher gain;
however, high gain antennas are physically larger and this could impact the portability of the
equipment. Current packet radio systems provide highly portable terminals. Larger capacity
batteries will be needed to allow a reasonable operating time. These batteries are physically larger
and will adversely affect portability.

If the rural user's need is at a fixed location, directional antennas pointed at the base station could
be used. Using a directional antenna provides more antenna gain and requires less power from
both the user's and the base station's transmitter. Lowering transmitter power would result in
lower costs per user.

Amateur radio packet systems

The previous discussion centered on commercial packet radio technology. Packet radio
technology is being used by amateur radio operators as well. The amateur radio operators have
built packet radio systems that cover several hundreds of miles using VHF and UHF frequencies.
Messages, generally under 5 Kbytes in size, can be sent over these networks. Currently, a
popular data rate for end users is 1200 bps. Systems with data rates of 9600 bps are gaining
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popularity. Even higher data rates, such as 19.2 kbps, are being used on major traffic forwarding
routes in some parts of the United States. Research is being conducted by amateur radio operators
to further increase the data rates to 56 kbps and even 2 Mbps to increase the amount of traffic that
can be handled. Experimentation continues with TCP/IP (the protocol used on the Internet) over
these networks. Amateur radio operators have linked their home stations into the Internet using
TCP/IP.

Amateur radio operators are interested in providing coverage to fellow operators in rural areas
outside the metropolitan cities. They achieve this by installing wide area coverage packet radio
repeaters. The common type of repeater operates on a single frequency. These repeaters listen
for packet radio transmissions and then retransmit the packets on the same frequency after a short
time delay. These repeaters are placed on top of tall towers, hills, and mountains. When using
one of these repeaters, an operator can greatly increase the communications range. For example,
consider the case of an operator with a 50-ft tower. The communications range will be about 10
miles. Now suppose that there is a repeater that is 40 miles away and on top of a 500-ft tower.
The operator could use this repeater to send a message to another operator with a 50-ft tower that
is 80 miles away. To get even more range, amateur radio operators can link several of these
repeaters together to send a message over 250 miles or more. This type of technology could be
used to provide messaging services to rural areas. With further increases in link speed, file
transfers and other high data rate services become possible.

Amateur radio operators have noticed that with several simultaneous users, the throughput of the
single frequency repeater can drop dramatically. This is due to collisions of simultaneous packet
transmissions. The packet radio modems are designed not to transmit on a busy frequency. They
will wait until the frequency is clear before transmitting. Occasionally, two stations that cannot
hear each other will transmit to a wide range repeater at the same time. The signals collide at the
repeater and neither one is decoded properly. Amateur radio operators have solved this problem
by using dual frequency repeaters. The dual frequency repeater receives on one frequency and
simultaneously retransmits the signal on another frequency. By using a dual frequency repeater,
two stations that do not normally hear each other will be able to. This prevents the collisions and
raises the throughput of the system. A separate link frequency is used to link this type of repeater
with its neighboring repeaters. A repeater like this can allow packet radio technology to serve a
large rural area with a high level of throughput.

4.8 Wireless Local Area Networks

Computer local area networks (LANs) are commonly connected by cable. Cable provides an
excellent transmission media and supports data rates in the tens of Mbps for Ethernet and Token
Ring technologies and hundreds of Mbps for fiber distributed data interface (FDDI) technologies.
There are applications, however, that cannot use cable or are prohibitively expensive if cable is
used. Frequent moves of point-of-sale terminals in the retail environment make wireless access
more cost-effective than cabled access. Mobile inventory scanning in warehouses and stores
requires a wireless scanner. Some building architectures make cable installation prohibitively
expensive. Wireless LANs (WLANs) are well suited for all these applications. Both WLANs
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and wired LANs are typically user-owned systems (i.e., there is no service provider and hence
users do not incur service charges).

Because WLANs are built for many different frequency bands, bandwidths, and environments,
there are wide variations in area coverage provided and data rates supported (Bantz, 1994).
WLANS are available that operate in the infrared (IR) band, in the industrial, scientific, and
medical (ISM) bands, and in the Digital Termination Services (DTS) bands covering 18.82-18.87
and 19.16-19.21 GHz.

IR energy cannot pass through walls, ceilings, or floors. This is considered an advantage because
it enhances the security of a WLAN link and decreases interference between WLAN modems.
IR WLANs operate in a line-of-sight or diffuse mode. In the line-of-sight mode, a narrow,
unobstructed beam is transmitted across the room. Distances between modems of 200-300 ft and
data rates better than 10 Mbps are possible; however, the link is completely disrupted by objects
moving through the narrow beam. In the diffuse mode, an omnidirectional beam is transmitted
from the ceiling of a room or by spreading a narrow beam by bouncing it off the ceiling. When
bouncing a narrow beam off the ceiling, the roughness of the ceiling in comparison to the IR
wavelength spreads the IR beam omnidirectionally. Distances between modems and data rates
when using the diffuse mode are less than those when using the line-of-sight modes. Distances
between modems of 30 ft and data rates of 1 Mbps are typical when using diffuse mode IR.

Radio waves in the ISM bands are able to penetrate walls, floors, and ceilings to some extent and
diffract around hall corners and doors as well. This is considered advantageous because it can
potentially reduce the number of base stations needed for building coverage. ISM WLANs with
omnidirectional antennas operate over distances of 100-300 ft indoors and up to 1000 ft outdoors.
Operating distances are shorter indoors because of more obstructions such as walls, partitions, and
furniture. Data rates of ISM WLANs vary from 250 kbps to 16 Mbps (Boyle, 1995; Mier, 1994).

Operation in the DTS bands requires licensing. Channels in the DTS bands are 10-MHz wide and
products with data rates of 15 Mbps are available. These systems can operate over distances of
50 ft in closed offices and 150 feet in open office areas. Signals around 18 or 19 GHz can
penetrate a drywall partition but cannot penetrate an exterior masonry wall or a concrete floor.
This allows system planners to isolate cells on different floors in a building. Another advantage
of the DTS bands is the reduced size of the antennas as compared to the ISM band. This reduced
size enables designers to use advanced antenna technologies to maximize performance (Freeburg,
1991).

WLANs are available for battery-operated mobile terminals such as laptop computers and personal
digital assistants. WLAN manufacturers provide software that allows ad hoc networks to form
with two or more of these mobile terminals. These ad hoc networks are an excellent solution for
providing computer communications in locations where no installed LAN is available (such as a
construction site), or an installed LAN is present but a group of users wants their own,
independent network (such as a group of sales people in a customer's building). Users can easily
join and terminate their association with an ad hoc network, although permission to join the
network can be denied for security reasons.
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When mobile WLAN terminals need to use a building's LAN infrastructure, wireless access
points are incorporated into the wired LAN. These access points provide connectivity between
wired and mobile terminals. If mobile terminals need to be able to communicate with wired
terminals throughout a building, multiple access points may be needed.

Stationary WLANS, like mobile WLANs, can form ad hoc networks or use access points to
communicate with wired terminals. Stationary WLAN terminals give up mgbility but they do not
have the stringent power savings requirements demanded by battery-operated mobile WLAN
terminals since AC power can be used. Stationary WLANS are also able to use larger, and
therefore potentially higher-gain antennas than mobile WLAN terminals

The cost of WLAN access points is about $1800, and the cost of terminal adapter cards is about
$600 (Boyle, 1995). Access points are not necessary for wired LANs, and the adapter cards for
wired LANS are about three times less expensive than WLAN adapter cards. Therefore, WLANs
are considerably more expensive than wired LANs. Trade magazines report that installation of
WLAN equipment is manageable by most personal computer users. Some products offer radio
signal quality indicators to allow the user to position stationary terminals for best reception.
WLAN network size is sometimes limited by system design; however, many products are capable
of expanding to hundreds of terminals.

Services provided by WLANs are only limited by bandwidth. WLANs historically provided
wireless extensions of existing computer networks whose primary function was data transmission.
Products performing data collection from mobile terminals were a natural extension of data
transmission. With the advance of computer multimedia products, however, computer networks
are now transmitting compressed voice, images, and video. Data rates available with WLANs
provide enough capacity to carry multimedia traffic also. The IEEE 802.11 WLAN standard
supports real-time voice and video traffic in addition to data transmission. Thus, services such
as voice telephony and video teleconferencing are possible.

Rural enterprises will experience increased demands for mobile computing just as urban
enterprises do. The merging of voice recognition, bar code scanners, and radio frequency
identification (RFID) devices with WLAN mobile data collection is likely to benefit rural
enterprises by controlling costs through inventory management, quality control, and resource
allocation. In one example application, a portable computer with a WLAN can be used with
voice recognition to provide forklift operators in a warehouse a hands-free method of interacting
with inventory control software. Bar code scanners with WLAN interfaces can be strapped onto
warehouse workers arms so both hands are free for other tasks. A WLAN mounted on a factory
assembly line machining tool can interrogate a subassembly's RFID to determine what needs to
be done (Kachmer, 1994).

4.9 Wireless Digital Modems

Wireless digital modems (WDMs) are used to perform LAN connectivity or telephone trunking
over distances from 1-30 miles. Available data rates are not only high enough to provide LAN
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connectivity but can also support video teleconferencing and high data rate multiplexers with data,
voice, and video channels. WDMs are used as.permanent links but are also frequently, used as
a temporary link until a cabled link can be installed or as an emergency backup link to a cabled
link. WDMs operate in the licensed microwave bands, the DTS bands, the IR band, and the ISM
bands.

Modems in the licensed microwave bands (2, 4, 6, 8, 11, 18, 23, and 30 GHz) operate over
distances of 1-15 miles and support data rates of 1.5-45 Mbps (Datapro, 1992a). In urban areas
there is a trend to use the higher bands such as 18, 23, and 30 GHz to avoid congestion in the
lower bands. Rural areas, however, may not be as congested in the lower bands as the urban
areas. The cost of WDMs may be as low as $10,000 for lower frequency and lower data rate
WDMs and as high as $80,000 for the higher frequency and higher data rate systems. Transmit
power is usually 100 or 200 milliwatts, but it may exceed 1 watt. Highly directive dish antennas
at the transmitter and receiver with gains of 30 dB or more are commonly used. Modems are also
available in the DTS bands that have data rates up to 6 Mbps and operate over distances up to 1
mile.

IR WDMs (Datapro, 1991) are used in congested urban areas; however, they may also be useful
in rural areas because of their high data rates. Under ideal conditions, IR WDMs are capable of
data rates up to 45 Mbps and operating distances up to 10 miles. Units with data rates of 1.5
Mbps and operating distances of 1-2 miles are typical. The main disadvantage of IR WDMs is
the outage time due to foggy atmospheric conditions.

With the appropriate combination of power amplifier and antenna gain, WDMs in the ISM bands
(Greir, 1995) are able to span up to five miles with yagi antennas at the transmitter and receiver
and up to 20 miles with a yagi antenna at the transmitter and a dish antenna at the receiver. Data
transmission rates are dependent upon whether the data is transmitted asynchronously or
synchronously. In general, asynchronous data transmission is much slower that synchronous data
transmission. For WDMs operating in the ISM bands, asynchronous data rates up to 38.4 kbps
are possible while synchronous data rates can meet T1 rates (1.544 Mbps). One product is
available that can operate at a data rate of 8 Mbps at distances over one mile.

A pair of WDMs in the ISM band may cost as little as $10,000. With network intelligence added,
the costs rise to about $15,000- $25,000 a pair. In general, WDMs are easy to install and operate.
Many WDMs can be configured by personal computer software and can be interrogated by a
remote computer to determine their operational status.

A demonstration project by NASA's Lewis Research Center (Masud, 1995) shows one way that
rural communities may benefit from WDM technology. Two Internet hubs were installed iri
Cleveland, Ohio. WDMs were then used to connect between the two hubs and the local schools.
Now all the local schools have low-cost wireless access to the Internet. This type of connectivity
could easily be applied to rural schools.
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4.10 Satellite Systems and Services

The discussion of satellite systems in this report is limited to those systems that provide
communication services, that is, satellite systems typically known as communication satellites.
Communication satellites have two major technical and cost advantages over terrestrial
communication technologies. One is the ability to broadcast signals over the entire coverage area
for the satellite, which can be as large as about one-third of the Earth. The other is the ability to
provide reliable communication between any pair of points in the coverage area at the same
costindependent of distance or characteristics of the intervening terrain (such as water, deserts,
or mountains).

Commercial communication satellite services began in the mid-1960's with the establishment of
INTELSAT, a multinational organization with well over 130 member nations today. An
organization known as the Communications Satellite Corporation (COMSAT) also was established
in the early-1960's and became the United States' representative in INTELSAT. INTELSAT
made the decision to build and launch geosynchronous2 satellites to provide international
communication services. These first commercial applications of satellites provided international
telephone and television program transmission, primarily between the United States and Europe.
From the launch of INTELSAT I in April 1965 to the present time (INTELSAT WI-A (706),
launched May 17, 1995 and placed in service July 8, 1995), INTELSAT has been a dramatic
succession of increasing satellite capacities, larger Earth-station networks, and decreasing costs
for transmission.

As the costs for satellite transmission decreased, it became practical in the mid-1970's to develop
domestic satellite systems to support telecommunications networks covering much smaller areas
than all of the area of Earth visible from a satellite in geostationary2 orbit (GSO), e.g., a
continent. The first domestic satellite for the United States, WestarI, was built by Hughes
Aircraft, launched in April 1974, and operated by Western Union. This C-band satellite had 12
transponders, with 36 MHz of bandwidth for each transponder, that could provide 7,200 voice
circuits or 12 television channels. By the end of 1995, the United States is expected to have 14
satellites with C-band capabilities and 25 satellites with Ku-band capabilities that will provide a
total of 604 transponders with 25,557 MHz of bandwidth in geostationary orbit. Low-Earth orbit
(LEO; nonsynchronous) satellite systems also are being developed that will rapidly add to the total
space systems' capabilities to provide telecommunications.

Domestic satellite communication began with "fixed" service, but today many applications have
successfully extended into mobile and broadcast services. Fiber optics, submarine cables, and
microwave radio transmission technologies provide strong competition to satellites for wideband
service between geographically fixed locations. But, there is no effective alternative to satellites

2 The terms "geosynchronous orbit" and "geostationary orbit" sometimes are used interchangeably. In fact,
a geosynchronous orbit is any orbit for which a satellite's period of revolution is equal to the period of rotation of the
Earth about its axis; a geostationary orbit is a geosynchronous orbit that is circular in the Earth's equatorial plane.
For this case, the satellite's period of revolution not only is equal to the period of rotation of the Earth, but the
satellite also remains directly above a fixed point on the equator, often referred to as the subsatellite point.

4=56 98



for providing wideband service to mobile terminals. Other services in which satellites have a
substantial inherent advantage, that are just beginning to be exploited, are broadcast transmissions
to, and data collections from, many terminals whose locations (probably, widely dispersed) are
not known a priori.

This section of the report discusses communication satellite systems that include both
geostationary and nonsynchronous satellites, providing services that include fixed-satellite service
(FSS), broadcasting-satellite service (BSS), and mobile-satellite service (MSS). The mobile-
satellite service is divided further into aeronautical mobile-satellite service (AMSS), maritime
mobile-satellite service (MMSS), and land mobile-satellite service (LMSS). The various
communication satellite services are defmed by the Federal Communications Commission (FCC,
1994) as noted below.

Fixed-Satellite Service. A radiocommunication service between earth stations at given
positions, when one or more satellites are used; the given position may be a specified fixed
point or any fixed point within specified areas; in some cases this service includes satellite-
to-satellite links, which may also be operated in the inter-satellite service; the fixed-
satellite service may also include feeder links for other space radiocommunication services.

Broadcasting-Satellite Service. A radiocommunication service in which signals
transmitted or retransmitted by space stations are intended for direct reception3 by the
general public.

Mobile-Satellite Service.' A radiocommunication service:

1) between mobile earth stations and one or more space stations, or between space
stations used by this service; or

2) between mobile earth stations by means of one or more space stations.

Typical applications, types of satellites used, and the frequency bands allocated for each type of
communication satellite service for the United States are shown in Table 4-4.

The following three subsections discuss.fixed-satellite service, broadcasting-satellite service, and
mobile-satellite service, in that order. However, it will become apparent that the distinctions
between fixed-satellite and broadcasting-satellite services are not entirely distinct and separate.
For example, the television programming distributed by FSS and intended for reception by local
broadcasters and cable companies, but is also being received by several million home television
receive-only (TVRO) terminal owners, could be considered a de facto broadcasting-satellite
service.

3 In the broadcasting-satellite service, the term direct reception encompasses both individual reception and
community reception.

This service may also include feeder links necessary for its operation.
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Table 4-4. Typical Services Offered by Domestic Communication Satellite Systems in the
United States

Service
Type

Typical Applications Types of
Satellite

Allocated Frequency
Bands (GHz)l

FSS Voice (telephone), data (both voice-band and GSO C-band
wideband), video teleconferencing, video 3.40-4.20; 5.850-6.7252
program distribution, radio program 4.50-4.80; 6.725-7.025'
distribution, news gathering, distribution for Ku-band
remote printing and publishing. Today, 10.95-11.20; 14.00-14.502
virtually every major country of the world has 11.45-12.20; 12.70-12.752
(or is planning) its own communication satellite 10.70-10.95; 12.75-13.25'
system. 11.20-11.453

BSS Radio and television program distribution GSO Ku-band
directly to homes and businesses. 12.20-12.70; 17.30-17.80'

MSS Voice and data communication to and between Non -GSO L-/S-band
aeronautical, maritime, and land-mobile users. & GSO 1.525-1.559; 1.6265-1.6605k

LEO 2.4835-2.5000; 1.6265-1.61005
& GSO

' The frequency band allocations shown are based on decisions by the International Telecommunication Union
(ITU) and the Federal Communications Commission and for which the best "authority" is the respective Radio
Regulations. The information shown, however, has been taken from Christensen (1994b) for the FSS and BSS and
from Christensen (1994a) for the MSS. The frequency bands shown on the left (generally, before a semicolon) are
for downlink transmissions; the frequency bands shown on the right (generally, after a semicolon) are for uplink
transmissions. Further, the bands, as shown, may be divided into two or more contiguous sub-bands with secondary
service or other designations for parts of the bands.

2 These frequency bands are designated as unplanned. This means that a qualified, potential, satellite operator
may obtain a frequency assignment and GSO location for a system essentially on a "first come, first served" basis,
subject to satisfying the requirements of Articles 11 and 13 of the ITU Radio Regulations.

' These frequency bands are designated as planned. This means that a frequency assignment and associated
nominal orbit location are reserved (guaranteed) for each member-country of the ITU, and a qualified, potential,
satellite operator may use these resources, subject to National approval, without following the requirements of Articles
11 and 13 of the ITU Radio Regulations.

° These frequency bands are the so-called "traditional MSS bands" that are further divided into frequency
sub-bands to provide AMSS, MMSS, and LMSS.

S.These frequency bands were established at the World Administrative Conference-92 with the main users
expected to be the LEO satellite operators; however, the bands are designated for all types of mobile satellite services.
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4.10.1 Fixed-Satellite Service

As implied earlier, the fixed-satellite service was established to provide voice, data, and video
services between fixed points, whereas transmissions intended for direct reception by the general
public is a service that belongs to the broadcasting-satellite service, also known as the direct
broadcast satellite (DBS) service. Table 4-5 shows the domestic satellites, both C-band and
Ku-band, that provide fixed-satellite services as of August 1995. The table also shows the number
and bandwidth of transponders (capacity) for each satellite, as well as the orbit location and
operator. The Federal Communications Commission is the best source for information of this
type, however, the information in Table 4-5 has been assembled from three other sources
Morgan and Petronchak (1994), Foley (1994), and Wilson (1993). Services that are available
today include the following:

Telephone. One of the first commercial services provided by communication satellites
was telephone service, primarily between the United States and Europe. Prior to the
proliferation of fiber optic cables in the United States, satellites were used to provide some
domestic, long-distance service. In 1990, voice service, including voice circuits
conditioned to provide data traffic, was the third largest user of domestic satellite capacity
following cable programming distribution and "broadcasting" services. The most notable
domestic, telephone-service application today is the public telephone service provided to
more than 100 villages in Alaska by Alascom, Inc. using the Aurora 2 satellite. This
service clearly benefits a significant segment of rural society, providing basic telephone
service and the attendant voice-circuit data services. Another communication satellite
benefit to society, including the rural segment, is the flexibility available for traffic
loading. This makes satellites an ideal capability for responding to traffic overloads or to
damage, either accidental or intentional, of the terrestrial network.

Video program (cable and network television) distribution. The other commercial
service provided by early communication satellites was distribution of television
programming. According to Hudson (1990), approximately 40% of the C- and Ku-band
transponders in use (in 1990) provide "satellite television service," a majority being the
distribution of programming to cable systems. The remainder provide delivery of
television programming to major network affiliates along with the distribution of
syndicated programs and special news events. Noted earlier, there are several million
home owners, mostly rural and those otherwise bypassed by cable services, who have
TVRO terminals and receive programming intended for cable companies and broadcasting
affiliates, as well as the pay-television services listed in Table 4-6 and many pay-for-
service channels providing entertainment, world and regional/local news, financial news,
weather information, sports news, syndicated programs, music, religious programs, home
shopping; and more.
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Table 4-5. Domestic Fixed-Satellite Service Capacity for the United States (as of August 1995)

OPERATOR SATELLITE C-BAND TRANSPONDERS Ku-BAND TRANSPONDERS ORBIT
(degrees)

Number BW (MHz) Number BW (MHz)

AT&T Telstar 401 24 36 16 54 097 W

Telstar 402R 24 36 16 54 089 W

COMSAT SBS 2 --- --- 10 43 071 W

SBS 3 --- 10 43 074 W

GE
(with GTE)

Satcom C-1 24 36 --- --- 137 W

Satcom C-3 24 36 --- 131 W

Satcom C-4 24 36 --- --- 135 W

Aurora 2'
(Satcom C-5)

24 36 --- --- 139 W

Satcom K-1 --- --- 16 54 085 W

Satcom K-2 --- --- 16 54 081 W

Spacenet 2 (out of
service)

(out of
service)

6 72 069 W

Spacenet 3R --- --- 16 54 087 W

Spacenet 4
(ASC 2)

12 36 62 72
101 W

6 72 --- - --

ASC 1 (out of
service)

(out of
service)

6 72 128 W

GStar 1 --- --- 16 54 103 W

GStar 2 --- --- 16 54 125 W

GStar 3 --- 16 54 093 W

GStar 4 --- --- 16 54 105 W

Hughes
Galaxy 1R 24 36 --- 133 W

Galaxy 3R
24 36 8 54

--- --- 16 27
095 W

Galaxy 4
24 36 8 54

--- --- 16 27
099 W

Galaxy 5 24 242 & 362 --- --- 125 W

Galaxy 6 24 36 074 W
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Table 4-5. Domestic Fixed-Satellite Service Capacity for the United States (as of August
1995; continued)

Hughes
(continued) Galaxy 7

24 36 8 54
091 W

--- 16 27

SBS 44
--- --- 10 43

077 W
--- 4 110

SBS 5
--- --- 10 ' 43

123 W
--- --- 4 110

SBS 65 --- --- 19 43 095 W

TOTALS 306 10,6922 298 14,865

Two-thirds of the capacity of this satellite is owned by Alascom, Inc. and is used to provide domestic
telephone service, the Alaskan Television Network, and emergency messages.

2 Three transponders (19, 21, and 23) are inoperative.

3 Characteristics available for the Galaxy 5 satellite do not specify the number of transponders with 24-MHz
bandwidth nor the number of transponders with 36-MHz bandwidth. Therefore, the assumption has been made that
12 transponders have 24-MHz bandwidth, and 12 transponders have 36-MHz bandwidth.

The functions of this satellite were replaced by Galaxy 7 in January 1993, at which time SBS 4 was moved
to its present location. Hughes may sell the satellite.

5 The functions of this satellite were replaced by Galaxy 4 in 1993, at which time SBS 6 was moved to its
present location as an in-orbit spare.

Table 4-6. Typical Pay-Television Services Available Via Satellites

SERVICE NAME SATELLITE USED

Home Box Office Galaxy 5 and 7

Cinemax Galaxy 1R and 5

Showtime Satcom C-3 and C-4

The Movie Channel Satcom C-3 and C-4

The Disney Channel Galaxy 1R and 5

The Nostalgia Channel Galaxy 1R

Encore Galaxy 1R

Bravo Satcom C-4

American Movie Classics Satcom C-4

Independent Film Channel Galaxy 6

TNT Galaxy 5
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Radio and special-program distribution. Most radio networks have switched to
communication satellites for distribution of their network programming because of
flexibility in using transponder time, improved audio quality, and reduced transmission
costs. There are actually two types of radio programming that are being distributed via
satellite:

1) the "normal" news and programs delivered to network-affiliated stations; and

2) a type of single-format programming for "automated" radio stations that
requires the local station to provide only local advertising at scheduled break-
times. An example would be a single-format music station that broadcasts only
classical, jazz, country/western, or easy-listening music.

Satellite distribution of radio programming provides clear benefits for rural communities.
It can be a way to minimize labor costs and other expenses for small and/or new stations
helping them to compete with larger, more-established stations. It also can provide a way
to offer diversified programming not otherwise available from or profitable for local
stations.

Another type of satellite-deliyered programming is that used in many stores and offices as
background music. Muzak., 3M Sound Products, Music Network, and Seeburg Music
Network are examples of music networks that offer this service and may also offer the
opportunity for advertising and/or promotional announcements.

News gathering. Communication satellites are used not only to distribute programming
to cable systems and network affiliates; they also are playing an increasingly important
role -in developing news programming. This role often is referred to as satellite news
gathering (SNG). A typical (and note worthy) example of this service is the ability of TV
viewers around the world to view live coverage of Olympics events and major sporting
events. Another example is, again, the ability of world-wide television viewers to witness
live coverage of major news events, such as the Persian Gulf War. This service also
offers the opportunity for new-worthy events to be reported by small television stations
and from rural locations. Thus, SNG is a communication service that provides benefit to
rural communities both by bringing news to them and as an opportunity for news from
their communities to be reported, thereby helping the rural communities to be
"informationally integrated."

Distance learning. Many educational opportunities are available via communication
satellites. Some examples are the National Technological University, based in Fort
Collins, Colorado, using BSS satellites; The Discovery Channel on Satcom C-4 (East) and
Galaxy 5 (West); The History Channel on Satcom C-3; The Learning Channel on Satcom
C-3; and the Mind Extension University on Galaxy 5. According to Manasco (1994), the
Mind Extension University (the "flagship enterprise" of Jones Education Networks,
headquartered in Englewood, Colorado) has about 5,000 students in degree programs and
about 40,000 course enrollees. This type of service, providing accredited college and
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graduate-level courses via cable systems and home TVROs, clearly offers significant
opportunities to rural communities and residents. Additionally, there' are numerous state
and other universities offering educational opportunities via satellite, e.g., Indiana and
Purdue, described in Communications News (1995).

4.10.2 Broadcasting-Satellite Service

Even though direct-to-home (DTH) television reception has been available for many years using
signals broadcast in the fixed-satellite service frequencies, the broadcasting-satellite service
frequencies are just beginning to be used to provide DTH services. Aside from the different
frequency allocations for the BSS (compared with the FSS), a key distinction of the BSS satellites
is the ability to transmit with much higher power (typically, higher by an order of magnitude or
more) than FSS satellites. This allows the use of much smaller and lower-cost receiving antennas
(typically on the order of 15-25"). These small antennas are not only inexpensive to purchase,
but they also are much easier and less expensive to install. The United States has been allocated
eight orbital positions by the ITU for BSS. An example of this type of service is the newly
offered DirecTv* television services, with 150 channels, that uses two high-powered Hughes 601
satellites, DBS 1 and 2, collocated in orbit at 101° W. Other satellite operators expected to be
offering BSS (or DBS) services in the near future include Echo Star Communications Corporation
and Tempo DBS, Inc., a subsidiary of cable company Tele-Communications,. Inc. (TCI). The
potential benefits to rural communities and users even exceed those described earlier for services
provided by the FSS.

4.10.3 Mobile-Satellite Service

As often noted, the ultimate goal in providing communication services is the ability to
communicate anyWhere, at any time, with anyone or anything according to individual needs. To
a limited extent, this has been possible using GSO satellites, but the cost for equipment as well
as for the service is very high. These inhibiting factors are expected to change dramatically with
the introduction of new LEO5 satellite systems. Existing, and proposed mobile satellite systems
identified by Cochetti (1994) are briefly discussed below. .

Iridium. A new mobile satellite system, proposed and designed by Motorola, that is
expected to comprise 66 satellites at an altitude of 484 miles (780 km). The system is
projected to consist of 11 satellites in each of six orbital planes. Each satellite is expected
to have direct links to adjacent satellites that would permit calls to hop from satellite to
satellite as required by the originating locations and destinations. The system's satellites

5The term low-Earth orbit (LEO) is defined by Larson and Wertz (1992) as an orbit below 621 miles (1000
km; below the Van Allen radiation belts) contrasted with GSO where the orbit is about 22,224 miles (35,787 km)
above mean sea level. This is the meaning intended here. Other types of orbits include medium-Earth orbits (MEOs),
and highly-elliptical orbits (HEOs).
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would project a grid of beams (cells) onto the Earth's surface somewhat similar to, but
larger than, the grid of cell sites in a cellular telephone network.

AMSC/TMI. American Mobile Satellite Corporation (AMSC; a publicly traded company)
presently offers a satellite-based mobile data service in the United States. AMSC plans
to offer voice and data services, using its own dedicated L-band GSO satellite, to a wide
range of target markets, serving land mobile, maritime, aeronautical, and fixed-site
applications. The focus, however, is expected to be land-mobile cars and trucks.
AMSC's customers will be value-added resellers, like cellular telephone service providers,
who will integrate AMSC's services into their own mobile communications services.
(TMI Communications Co. Ltd. is a Canadian mobile satellite service licensee who will
partner with AMSC to serve the Canadian market with their own satellite called MSAT.)

OmniTracs. Since the mid-1980's, Qualcomm has been offering a unique mobile data
(only) communications service, primarily intended for long-haul truckers, using the code-
division multiple access (CDMA) spread spectrum modulation technique and capacity on
Ku-band satellites licensed for FSS. This innovative approach to mobile satellite
communications is called OmniTracs, which is the largest mobile satellite communications
system operator in the world, in terms of mobile terminals in use.

Globalstar. Loral Corporation and Qualcomm have formed a partnership called Loral
Qualcomm Satellite Services intending to build and launch a LEO system to provide
mobile voice service. The mobile satellite system will have 48 satellites deployed in eight
orbital planes at an altitude of 878 miles (1,414 km). The company now is seeking
exclusive service agreements with existing cellular or fixed, wireline service operators to
extend the Globalstar service to their local and regional subscribers.

Odyssey. TRW Space and Electronics Group is proposing a mobile satellite system that
would use 12 satellitesfour in each of three 500-inclined circular orbits at an altitude of
6430 miles (10,354 km), so-called medium-Earth orbits. This system, known as Odyssey,
would be "high in the sky," which TRW claims is important for connectivity into areas
where there are trees, buildings, and mountains. Compared with LEO systems, the
Odyssey system would require significantly fewer satellites to provide near-global
coverage; six for "minimal" coverage and 12 for complete coverage, with many areas
having dual coverage.

Ellipso. A company called Mobile Communications Holding, Inc. proposes to deploy a
system of highly elliptical orbiting satellites called Ellipso. The system initially would
contain six satellites but eventually the number would be increased to 24 satellites in three
elliptical orbits. Two of the orbits would be highly inclined at 116.6° and one would be
equatorial, thereby offering good coverage to subscribers in the northern hemisphere (and
extending through most of the southern hemisphere). The two inclined orbits would have
apogees of about 4844 miles (7,800 km) and perigees of about 323 miles (520 km). The
equatorial orbit would have an apogee of about 4844 miles (7,800 kin) and a perigee that
would range from about 2484-4844 miles (4,000-7,800 km).
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5
SUMMARY AND CONCLUSIONS

The development of the NH promises improved quality of life and increased productivity. Many
human endeavors that are difficult or impossible now can be made easy and convenient by
ubiquitous access to all forms of communication and information.

The subject of this report is the RII and whether these benefits can be realized in rural America.
More particularly, we are concerned about the availability of telecommunication technologies that
can be economically deployed in rural areas. Ideally, citizens living and working in rural areas
should have the same access to information and telecommunication services that is available in
urban areas.

The large distances between homes and towns, i.e., low population density, is the fundamental
characteristic

of rural areas. It is this characteristic that makes the deployment of
telecommunication systems in rural areas more expensive. Often telecommunication equipment
and facilities are designed for urban areas and are less than optimal for rural areas. For example,
a typical rural system would be required to cover much larger distances but, at the same time,
would need less information carrying capacity (Kotelly, 1995).

The higher deployment costs involved normally result in higher costs to the rural user. Possibly
offsetting this, the large distances involved make telecommunication services more valuable in
rural areas than in urban areas. When telecommunications makes a trip unnecessary, more fuel
and time are saved. When communication takes place, a greater degree of isolation is reduced.

It should also be remembered that some rural areas are more remotely located than others. For
this reason, most statements that can be made about rural telecommunications do not apply to
every rural area. The majority of the rural population lives on farms and in small towns in
farming areas. This is the environment that is assumed for the conclusions given in this section.
However, special problems associated with other environments will be mentioned.

The approach taken in this study to analyze the availability of technologies for the RH began with
the definition of a set of telecommunication services in Section 2. These services, restated below,
represent major classes of telecommunication capabilities that already exist or are expected to
become available in urban areas as the NII evolves:

Two-way Voice
Multiple-way Voice Teleconferencing
Multiple-channel Audio Programming
Low-speed Computer Networking
Medium-speed Computer Networking
High-speed Computer Networking

Very High-speed Computer Networking
Video Conferencing, Lossy
Video Conferencing, Broadcast Quality
Multiple-channel Video Programming
Video on Demand
Interactive Video.
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Defming these telecommunication services makes it possible to talk about rural telecommunication

needs and access to the NII in a technology-independent way. Thus, in Section 2 various rural
information applications and the telecommunication services required by those applications are

discussed. Then in Sections 3 and 4, important systems and technologies for the RH are
discussed. Finally, in this section the availability of the defined telecommunication services in
rural areas is examined based on the availability of systems and technologies to provide them.

Before this is done, it is important to take a brief look at other factors that will affect the
implementation of the RH.

5.1 Factors Affecting the Implementation of the Rural Information Infrastructure

Major factors affecting the implementation of the RH include rural needs and applications,
economics, and government regulations and policies.

5.1.1 Needs and Applications

The need for information spans all aspects of rural life, including health care, education, public

safety, business, and recreation. Section 2 described rural information applications and how
telecommunication services are used to support these applications. These applications are
expected to improve the quality of life in rural areas. In addition, access to the NII is expected

to contribute to the revitalization and diversification of the rural economy. Existing and new
businesses dependent on the NH may find the lower real estate prices and lower taxes in rural

areas attractive. However, these benefits must translate into an aggregate demand that is sufficient

to support the high costs of the deployment of the RH. Massive government subsidies are not
likely given the current efforts to decrease deficit spending.

5.1.2 Economics

In Sections 3 and 4, representative costs associated with the various \technologies were provided.

They provide information on the costs of implementing a particular 'technology (to be funded by

the provider) and the costs of using the service (to be incurred by the user). This report has not

considered the return on investment or cost-benefit analyses of the technologies. These analyses
are needed before economically viable decisions can be made about a technology that might be

implemented as part of the RH. Although not the focus of this study, some economic issues are

pointed out in the analysis of the availability of services in rural areas given in Section 5.2.

5.1.3 Regulations and Policies

Regulations and policies affecting the RII are determined by Congr4ss, the Administration, the
Federal Communications Commission, state Public Utility Commis ions, and county and local
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regulators. Most regulations are set with individual services in mind, dealing with such issues as
standards, ownership, competitiveness, and rate structures. They are not usually intended to bring
about a unified information infrastructure, that is, an infrastructure that provides all
telecommunication services. Traditionally, policies have been developed to promote service cost
controls and service competition for the consumer, or to ensure exclusive market rights to service
providers. Policymakers have also provided special assistance to rural providers through REA
(now RUS) loans and rate-averaging methods. Recently, NTIA's Telecommunications and
Information Infrastructure Assistance Program (TIIAP) grants have provided assistance to many
rural areas.

Historically, the telecommunication industry in America has been extensively regulated. A
regulated monopoly model was initially used, but in the last 30 years, regulations have been
relaxed somewhat. This process has left us with a telecommunication infrastructure which has
been determined by a mix of regulatory and competitive forces. In the past decade we have seen
competitive forces play a larger role as deregulation has accelerated. The impact of this trend can
be seen in the restructuring that is taking place in the telecommunication industry. Continued
deregulation will result in further changes in the U.S. telecommunication infrastructure. The
purpose of this report is not to review telecommunication regulations and policies. However, it
must be pointed out that the competitive forces at work on the information infrastructure may well
result in different outcomes in rural areas than in urban areas. Competition should be promoted
in general because of the many benefits it can confer on users, such as lower costs and more
diverse service offerings. Where market forces fail, public policymakers should apply appropriate
regulations to the resulting single provider.

Major telecommunication legislation is currently pending before Congress. The House and Senate
have passed different versions of bills which would

allow cable television companies to offer telephone service.
allow telephone companies to offer cable television service.
deregulate cable television rates.
relax restrictions on radio and television station ownership.
force local telephone companies to give competitors access to their networks.
permit regional Bell telephone companies to offer long-distance service.

The final form of this legislation and its impact 'on the deployment of teleeommunication
technologies in rural areas cannot be determined at this time.

5.2 Ability of Technologies to Deliver Telecommunication Services

This report has emphasized the technologies that may support the RH. Table 5-1 indicates which
technologies have the ability to provide telecommunication services now (indicated by a solid
check) or could potentially provide them in the future (indicated by an' open check). The table is
somewhat subjective, but it is a best attempt to indicate what might reasonably be expected.
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5.2.1 Voice and Audio Telecommunication Services

Looking first at the Voice and Audio Telecommunication Services, it is clear that a number of
technologies are available to provide these services. The most widely deployed technology is the
telephone system (PSTN). There is currently no other wireline telephony system to provide
competition to the PSTN in rural areas. The telecommunication legislation pending before
Congress may allow cable TV systems to provide telephone service. It is highly unlikely,
however, that cable TV systems would be extended to serve individual farms or isolated homes.

In some rural areas, wireless technologies such as cellular telephone may be able to provide
competition to the PSTN. Cellular telephone coverage over the United States should be nearly
complete by the year 2000. Only large wilderness areas of Alaska, the desert west, and possibly
some parts of the central northern states will remain uncovered. The wilderness areas of Alaska
are particularly difficult to serve because of the low population density. Other wireless
technologies can provide not only mobile/portable service, but also fixed service into some of the
more remote areas. In the most remote areas, only HF radio and satellite telephone technologies
may be feasible. As with wireline systems, service providers may be reluctant to extend their
wireless systems to farms or isolated homes, thus limiting choices for consumers who live in more
remote locations.

5.2.2 Computer Telecommunication Services

Computer Telecommunication Services may be the heart of the NII. Many technologies are
available to provide fixed and mobile/portable low-speed computer networking services. Dial-up
modem access through the PSTN is most commonly used to provide fixed low-speed service
today. So far, the demand for mobile/portable low-speed service has been slow in developing.
Again, the most remote areas may only be covered by HF radio and satellite systems.

Medium-speed computer networking service can be provided through narrow-band ISDN and
switched digital circuits. In principle, these technologies are or can be deployed in many rural
areas. Only in the most remote areas would they not be feasible. In the future, cable TV systems
may provide medium-speed service in towns and small towns. Again, service providers may be
reluctant to extend their systems to farms or isolated homes.

High-speed and very high-speed computer networking services may be very difficult to deploy in
rural areas. In the future, enhanced PSTN and cable TV systems may be able to provide high-
speed service in towns and small towns. Outside of the towns, the cost of covering long distances
with fiber optics or coaxial cable and technical difficulties with broadband radio systems limit
what can be done without future technological development. In principle, high-speed and very
high-speed computer networking services can be designed to effectively support voice, data, and
video transmission. The provision of all telecommunication services through one infrastructure
increases the value of that infrastructure. The degree to which this could be used to extend the
reach of the RH into remote areas is not known.
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5.2.3 Video Teleconununication Services

As can be seen in Table 5-1, very few technologies currently exist for providing video
telecommunication services in rural areas. Switched digital circuits and narrow-band ISDN are
currently available in many metropolitan areas, but are only available on a limited basis in rural

areas. Video programming up to 150 channels is available from both cable TV and satellite
broadcasting. More than 150 channels is expected to become available from cable TV in the

future.

5.2.4 Today's Rural Information Infrastructure

Telephone companies and cable TV companies are currently the primary providers of
telecommunication services in rural America. It is expected that this will continue to be the case

as the RII develops. Each one is deploying or planning to deploy new equipment and systems.

Telephone service in rural America is provided by major telephone companies and independents,
including cooperatives. Experience in rural areas indicates that the independent and cooperative
telephone companies provide better service and have newer equipment, though typically at a
higher price to consumers. This seems natural since the major telephone companies have large

urban markets in which to invest their capital and receive the highest return. However, the
independents and especially the cooperatives have only their limited service areas in which to
invest and have closer ties to the community.

The Rural Utility Service (RUS) has mandated that each state prepare a State Telecommunication
Modernization Plan. Without such a plan, telephone companies eligible to borrow for capital
investment from the RUS are not able to. In the State of Oklahoma, for example, with 34
teleplione companies, the plan requires all local loops-to be-18-,000-feet or-less in length.- Pioneer
Telephone, the largest telephone cooperative in Oklahoma, has some local loops as long as 15
miles but is working toward having no loops longer than 18,000 feet. When their infrastructure
improvements are completed, they will be able to offer T1 access anywhere in their service area.
Pioneer may be a premier example of a telephone cooperative. They have 100% single line (no

party line) service and digital switching. They offer switched 56 kbps service and plan to offer

dial-up access to the Internet. Pioneer provides cellular telephone and paging services. They plan

to run fiber optic circuits, providing 155 Mbps transmission speeds, to each school in their service

area. This will allow the schools to participate in distance learning programs. Pioneer is an
advocate of deregulation that would enable the schools to make up some of their costs by selling

their excess fiber optic capacity in their communities.

The cable television industry's interest in providing a broad range of telecommunication services
was detailed in Section 3.2. Already deployed or capable of being deployed in small towns, cable
TV systems may soon be able to provide fixed telephone service, wireless telephOne service, and

computer networking services.
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Thus, telephone and cable TV companies that have offered distinct services in rural areas and have
survived economically may soon be competitors providing similar services. Each could make
investments to provide services that take business away from the other. The degree to which rural
markets can support duplicate investments to provide the same services is not known. The long-
term effects on market viability of each service in rural areas is also not known. Care should be
taken by regulators to watch the unfolding of events in rural areas as deregulation proceeds.

5.3 Conclusions

The following general conclusions can be drawn concerning the development of the RII:

It is desirable to have access to telecommunication services in rural areas that
approaches that available in urban areas.

Distance and low population density are the distinctive features of rural areas affecting
telecommunications. These factors increase the costs of providing telecommunication
services. In addition, systems and technologies developed for urban areas may be less
than optimal for rural areas.

The distances involved in living in rural areas increase the benefit and therefore value
of telecommunication services. Telecommunication enables applications such as
distance learning that can alleviate or eliminate some rural disadvantages.
Telecommunication can make rural areas more attractive for some businesses and
result in revitalization of the rural economy.

The effects of deregulation on rural areas are less certain than on urban areas and
should be carefully watched by regulators. Rural areas may not be able to support
several competitive service providers. Multiprovider markets should be developed
wherever feasible in both urban and rural areas as a means to reduce costs and spur
innovation. Where a given market fails and only a monopoly service provider exists,
policymakers should prescribe appropriate regulations to protect the public interest.

Historically, the deployment of telecommunication capabilities in rural areas has been
delayed relative to deployment in urban areas. This has been due to the inability of
rural areas to compete with urban areas for capital, since rural areas do not offer as
high a return on investment. Telephone cooperatives have proven to be effective in
accelerating the deployment of new technology. Telecommunication cooperatives
could be an effective way of reaching rural areas with the NII.

Government regulations and policies will play an essential role in the development of
the RII. Different regulations and policies will likely be required in rural areas than
in urban areas.
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The technical deployment of advanced telecommunication capabilities may not be very
different in small towns than it is in urban areas. Reaching isolated homes and
businesses in farming areas and especially remote desert and wilderness areas will be
difficult, and will require technology deployments different from that in urban areas.

The following conclusions can be drawn concerning the assessment of technologies to support the

RII :

Numerous technologies can support all of the voice and audio telecommunication
services. In many cases, those technologies are available to rural consumers today and
competition by various providers may be viable.

Numerous technologies are available in rural areas to provide low-speed computer
networking service, such as dial-up access to computer networks via the PSTN. As

demand increases for faster transmission speeds, current implementations of
technologies will prove inadequate to meet that demand.

High-speed and very-high speed computer networking services could effectively
support the transmission of voice, data, and video information. Theoretically, a single
infrastructure could be used to extend the NII into rural areas. Technical, regulatory,
and economic barriers, however, may render this impractical.

No technologies presently support all of the video telecommunication services. Video
programming is provided in rural areas by terrestrial broadcasting, cable TV, and

satellite broadcasting. In more remote regions, however, only satellite broadcasting
provides video programming on a par with that available in urban areas. Video
conferencing can be provided over switched digital circuits or narrow-band ISDN and

is available in some rural areas. Video on demand and interactive video are planned
but will be provided by select technologies that probably cannot economically reach

farms, ranches, and isolated homes.

It is likely that new technology will need to be developed to economically deliver
advanced computer networking and video services to individual farms, ranches, and
isolated homes. A wireless technology will most likely be required, and certainly the
most remote users can only be reached by wireless technology.
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APPENDIX A
ACRONYMS AND ABBREVIATIONS

ACSB amplitude companded single-sideband
AM amplitude modulation
AMPS Advanced Mobile Phone Service
AMSC American Mobile Satellite Corporation
AMSS aeronautical mobile-satellite service
ATC air traffic control
ATIS automated terminal information service
ATM asynchronous transfer mode
ATV advanced television
BETRS Basic Exchange Telecommunications Radio Service
BOC Bell Operating Company
bps bits per second
BRI basic rate interface
BSS broadcasting-satellite service
BTA Basic Trading Area
CATV Community Antenna Television
CB citizen band
CCS hundred call seconds per hour
CD compact disc
CDMA code-division multiple access
CDPD Cellular Digital Packet Data
CMRS Commercial Mobile Radio Service
CO central office
COMSAT Communications Satellite Corporation
CTIA Cellular Telecommunications Industry Association
DAB digital audio broadcast
DBS direct broadcast satellite
DECT Digital European Cordless Telephone
DSP digital signal processing
DTH direct-to-home
DTS Digital Termination Services
EO end office
ESMR Enhanced Specialized Mobile Radio
FCC Federal Communications Commission
FDDI fiber distributed data interface
FDM frequency-division multiplexing
FDMA frequency-division multiple access
FM frequency modulation
FM HSS FM high-speed subcarrier
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FN Fiber Node
FSK frequency-shift keying
FSS fixed-satellite service
FTTC Fiber to the Curb
GSO geostationary orbit
HDTV high-definition television
HEO highly-elliptical orbit
HF high frequency
HFC Hybrid Fiber/Coax
HSDS High Speed Data Services
hz hertz
IMTS Improved Mobile Telephone Service
IR infrared
ISDN Integrated Services Digital Network
ISM industrial, scientific, and medical
ITFS Instructional Television Fixed Service
ITS Institute for Telecommunication Sciences
ITU International Telecommunication Union
IXC interexchange carrier
JTC Joint Technical Committee on Wireless Access
kbps kilobits per second
kHz kilohertz
LAN local area network
LATA local access and transport area
LEC local exchange carrier
LEO low-Earth orbit
LMDS local multipoint distribution service
LMR land mobile radio
LMSS land mobile-satellite service
LPA log-periodic antenna
Mbps megabits per second
MDS multipoint distribution service
MEO medium-Earth orbit
MHz megahertz
MMDS Multichannel Multipoint Distribution Service
MMSS maritime mobile-satellite service
MPEG Motion Pictures Experts Group
MSA Metropolitan Statistical Area
MSS mobile-satellite service
MTA Major Trading Area
MTSO mobile telephone switching office
NII National Information Infrastructure
NTIA National Telecommunications and Information Administration
NTSC National Television Systems Committee
OFS Operational Fixed Service
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OMB
OPASTCO
PBX
PCM
PCS
PDA
PID
PN
POCSAG
POP
POTS
PRI
PSTN
RAD
RASP
RBDS
REA
RFID
RH
RSA
RSMS
RUS
SMDS
SMR
SNG
SONET
TACAN
TCI
TCP/IP
TDM
TDMA
TIA
TIIAP
TIROS
TYRO
VHF
VOR
VTS
WDM
WPBX

Office of Management and Budget
Organization for the Protection and Advancement of Small Telephone Companies
private branch exchange
pulse-code modulation
personal communications services
personal digital assistant
Premises Interface Device
pseudorandom noise
Post Office Code Standard Advisory Group
point of presence
plain old telephone service
primary rate interface
public switched telephone network
Remote Antenna Device
Remote Antenna Signal Processing
Radio Broadcast Data System
Rural Electrification Administration (now called the RUS)
radio frequency identification
Rural Information Infrastructure
Rural Service Area
Radio Spectrum Measurement System
Rural Utilities Service
switched multimegabit data service
Specialized Mobile Radio
satellite news gathering
synchronous optical network
Tactical Air Navigation
Tele-Communications, Inc.
Transmission Control Protocol/Internet Protocol
time-division multiplexing
time-division multiple access
Telecommunications Industry Association
Telecommunications and Information Infrastructure Assistance Program
Television and Infrared Observation Satellite
television receive-only
very high frequency
Very High Frequency Omnidirectional. Range
Video Telephony Services
wireless digital modem
wireless private branch exchange
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APPENDIX B
EXAMPLE OF RURAL SPECTRUM USAGE

This appendix describes measurements of rural spectrum usage in the 108-MHz to 19.7-GHz
frequency range. The measurements were conducted at Eureka, California, using the NTIA/ITS
Radio Spectrum Measurement System (RSMS).

The RSMS is a mobile, self-contained, computer-controlled radio receiving system capable of
many measurement scenarios over a frequency range of 30 MHz to 22 GHz. Detailed information
on the RSMS software, hardware (vehicle, instrumentation, antennas, and receiver front-end),
calibration procedures, and other measurement capabilities are provided in Sanders and Lawrence
(1995).

B.1 Survey Site Selection

Historically, most RSMS broadband spectrum surveys have been performed in urban areas where
spectrum usage was expected to be relatively high. For the purposes of this project, however,
spectrum usage patterns in rural areas were assessed. A rural coastal location was chosen for the
survey so that both land and marine radio usage patterns would be included. Therefore, Eureka,
located in the Northwestern corner of California, was selected.

B.2 Spectrum Survey Measurements

Two decades of making such measurements in cities across the United States suggest that general
patterns of spectrum occupancy tend to be repeated from site to site. Emissions from the
following sources are commonly observed during RSMS spectrum surveys:

land-mobile, marine-mobile, and air-mobile communication radios;

terrestrial, marine and airborne radars, and airborne radio altimeters;

radionavigation emitters, such as Tactical Air Navigation (TACAN) and Very High
Frequency Omnidirectional Range (VOR);

cellular and trunked communication systems;

broadcasting transmitters such as UHF and VHF television, and Multichannel
Multipoint Distribution Systems (MMDS);
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industrial, scientific and medical (ISM) sources, vehicular tracking systems, welders,
and microwave ovens; and

common carrier (point-to-point) microwave signals.

Emissions that normally cannot be received during spectrum surveys are:

satellite uplink and downlink emissions;

astronomical emissions;

some types of spread spectrum signals; and

radio transmitters that are turned off.

Although the last category is self-evident, questions exist regarding the extent to which users who
have frequency assignments either do not operate, or operate very rarely, with those assignments.
Appendix C in Sanders and Lawrence (1995) discusses this and related problems more fully.

Each radio band is measured with a hardware configuration and measurement algorithm
specifically selected to give the most useful description of the particular type of signal(s) expected
in that band. The measurement system parameters specially configured for each signal type
include: antennas, signal conditioning, tuning speed, measurement bandwidth, detector mode,
and measurement repetitions. The measurement control software automatically switches the
measurement system to the proper configuration for each survey band. (The spectrum measured
by the RSMS is divided into selected frequency ranges called survey bands.) The measurements
are repeated in various survey bands according to specifications established by consideration of
signal intercept probability, signal variability, measurement significance, and expenditure of
system resources.

B.2.1 Survey Band Events

RSMS survey measurements are conducted in an automatic mode, with the RSMS configured as
two measurement systems, identified as "System-1" for frequency measurements below 1 GHz,
and "System-2" for simultaneous measurements above 1 GHz. Software provides instructions to
configure each receiver system, execute measurement routines, record measured data, and
maintain a real-time log of the measurements and key parameters. Unattended operation of the
measurement system is made possible through this use of computer control.

As stated earlier, the spectrum measured by the RSMS is divided into selected frequency ranges
called survey bands. Each survey band is measured according to a computer-stored list of
measurement parameters and instrument settings called a band event. Each band event combines
one of the measurement algorithms with a particular set of signal input ports, receiver front-end
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configurations, spectrum analyzer modes and settings, and data recording options. Band event
parameters for System-1 and System-2 are described more fully in Sanders and Lawrence (1995).

B.2.2 Band Event Schedules

Using software control, any band event can be executed by an operator at any time. For spectrum
surveys, many band events are used to span several gigahertz of spectrum and each event requires
a different amount of time to execute. Measurement software also includes an automated band
event execution mode where any of the band events may be programmed (scheduled) to execute
in any sequence for any amount of time (within hardware limits on continuous operation of the
measurement system).

Band event priority is an important consideration when scheduling standard band events; some
frequency bands in a spectrum survey are of more interest to spectrum managers than others.
Highly dynamic bands (where occupancy changes rapidly) include those used by mobile radios
(land, marine, and airborne) and airborne radars. These bands are measured often during a
spectrum survey in order to maximize opportunities for signal interception. Bands that are not
very dynamic in their occupancy (such as those occupied by commercial radio and television
signals or fixed emitters such as air traffic control radars) need not be observed as often, because
the same basic occupancy picture will be generated every time. Such bands are given a low
priority and less measurement time. An extreme case is that of the common carrier bands, where
spectrum usage in a given location essentially does not change. Generally, these are only
measured once during a survey and are not included in the band event schedules.

B.3 Spectrum Survey for Eureka, California

The rural spectrum survey was conducted for approximately one week, using the RSMS in an
automatic measurement mode. The measurement system was preprogrammed to continuously run
software algorithms tailored to the characteristics of the radio emitters in individual frequency
bands. The RSMS was parked at the Redwood Fairgrounds in Eureka, a location that was
relatively high compared to the rest of the town and provided good radio coverage of the rest of
the community. The site was reasonably removed from powerful RF transmitters, but some
random noise was expected from passing vehicular traffic.

The measurement algorithms used for RSMS spectrum surveys are called swept, swept/m3,
stepped, and azimuth-scan. Swept measurements consist of repetitive sweeps across a frequency
band. Swept/m3 measurements consist of repetitive sweeps across a band, with maximum,
minimum, and mean activity levels being returned at the end of the measurement period. Stepped
measurements are made by tuning the measurement system to a single frequency for a period of
time, making an amplitude measurement at that frequency, then switching to another frequency,
making an amplitude measurement, and so on until an entire band has been measured. Azimuth-
scans are performed by slowly rotating a dish antenna around the horizon, while rapidly sweeping
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a frequency band in maximum-hold mode. All of these algorithms are described in detail in
Sanders and Lawrence (1995).

The band event schedules used for the Eureka measurements were identical to those described in
Sanders and Lawrence (1995). The sequenced schedule was prepared so that all events would be
run within an eight hour period such that, after a few days of 24-hr data collection, certain bands
would be measured at least once during each hour. Because of unrelated demands on RSMS
availability for measurements, this sequence could not be completed for Eureka and, consequently,
time-of-day data analysis was not performed.

The band event tables in Sanders and Lawrence (1995) show the measurement system parameters
used for each survey band. Explanations of the measurement algorithm selections are also found
in Sanders and Lawrence (1995). All survey bands for System-1 were measured with a 0.1-
1.0 GHz log-periodic antenna (LPA) mounted at a 45° angle (for slant polarization) and aimed
toward the main part of town. The System-2 survey bands (except for azimuth-scanning bands')
were measured with a 0.5-18 GHz slant polarized biconical omnidirectional antenna. For the
azimuth-scanning survey bands a rotating 1-meter parabolic (dual horizontal/vertical feed) antenna
was used.

All of the measured data, except the azimuth scanning measurements previously mentioned,
underwent an additional cumulative processing step before being displayed. Every frequency data
point recorded for swept/m3 measurements was cumulated such that the graphed data points show
the maximum of maximum received signal levels (RSLs), mean of mean RSLs, and minimum of
minimum RSLs (see Sanders and Lawrence, 1995) for a discussion of swept/m3 cumulative
processing). Cumulative processing of stepped and swept measurements results in graphs showing
maximum, mean, and minimum RSLs of all scans. On all graphs of cumulated data, maximum
and minimum curves are drawn with solid lines and mean curves with dashed lines.

B.3.1 Measured Data

Each survey band of measured data is graphically displayed on a single page along with
corresponding frequency allocations and assignment information (Figures B-1 through B-39).
Each survey band page shares an identical format. The principal band event parameters (e.g., IF
bandwidth and measurement algorithm) and measurement location are included in the figure
caption. The survey band graphs in the middle of the page show frequency in MHz on the x-axis
vs. received signal level marked at 5-dBm increments on the y-axis.

The text above each graph (delimited by horizontal and vertical lines ) shows the applicable U.S.
Government and non-Government frequency allocations and corresponding typical user
information (general utilization) for the survey band. The vertical lines delimit, by frequency,
both the allocations and the measured survey band graph on the same page.

' The azimuth-scanning measurement routine is a special operator-interactive technique using a rotating dish
antenna with the swept measurement algorithm. See Sanders and Lawrence (1995) for more about scanning.
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The frequency allocations (services) are entered according to convention just as they appear in the
U.S. Government Table of Frequency Allocations (NTIA, 1993). These frequency allocations
are listed such that primary services are printed in capital letters, secondary services are printed
in normal upper and lower case, and allocations limited to specific functions are shown by
following the service listing by a function in parenthesis.

The vertical lines are placed according to frequency separations in the allocation tables. The
frequencies are written at the lower end of the vertical lines and are always in MHz. Any service
entry that does not fit within the line-delimited space above the graph is given a number
referencing the complete allocation text below the graph on the same page. If there is additional
information pertinent to a specific U.S. Government or non-Government allocation it is indicated
by a number referencing a note below the graph. General utilization, i.e., typical assignment
usage notes for the U.S. Government or non-Government allocations that fall between the same
vertical line delimiters also get a reference number if insufficient space is available. All notes are
written in simple text format distinguishable from the allocated service entries that are entered
according to convention as explained above.

B.3.2 Band-by-Band Observations on Spectrum Usage

A synopsis of the types of signals observed for each survey band in Eureka and the associated
figure number is given in Table B-1. While not analyzed here, the spectrum usage in this rural
area can be compared to that in a large U.S. city. Sanders and Lawrence (1995) provides a good
example of spectrum usage in a large city for this comparison.

B.4 References

NTIA (1993), Manual of regulations and procedures for Federal radio frequency management,
Part 4.1.3, U.S. Department of Commerce, National Telecommunications and Information
Administration, Washington, D.C., May.

Sanders, F. H. and V.S. Lawrence (1995), Broadband radio spectrum survey at Denver,
Colorado, NTIA Report 95-321, 100 pp., in press.
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Table B-1. Comments on the Eureka Spectrum Usage Measurements

Survey Band Figure Continents

108-162 MHz B-1 Between 108 and 118 MHz, some VOR aeronautical navigation beacons appear
to be transmitting continuously. These beacons appear on the occupancy scans
as vertical lines coming up from the minimum curve. Also, in the air traffic
control (ATC) band (up to 136 MHz) ATIS (automated terminal information
service) transmissions appear to be on most or all of the time. Frequently used
ATC frequencies also appear as high points on the mean curve; ATC
frequencies that were observed one or more times during the survey appear on
the maximum curve.

The Television and Infrared Observation Satellite (TIROS) signals that typically
are found in the 137-138 MHz band normally cannot be received by the RSMS.
A variety of mobile signals were observed in the 138-162 MHz portion of the
spectrum. The signals between 138 and 156 MHz, are mobile and amateur
signals. The signals between 156 and 162 MHz, are land mobile and marine
mobile signals.'

162-174 MHz B-2 A variety of fixed and mobile transmitters were observed in this band. The
large signals on the mean signal curve near 162.5 MHz are public broadcast
weather information frequencies. Some man-made noise, as from vehicular
ignition systems, also occurs.

174-216 MHz B-3 Television broadcast channel 13 (210-216 MHz) is readily apparent here. Some
man-made noise, as from vehicular ignition systems, also occurs.

216-225 MHz B-4 Very few signals were seen in this band. Most of the maximum curve is locally
generated noise, as from vehicular traffic.

225-400 MHz B-5 Very few signals were seen in this band. Most of the maximum curve is locally
generated noise, as from vehicular traffic.

400-406 MHz B-6 The maximum curve shows occupancy by a few signals above 402.5 MHz.
Otherwise, few signals were seen in this band, and only one that affected the
mean curve (just above 403 MHz). The maximum curve is mostly locally
generated noise.

406-420 MHz B-7 Only four or five signals were seen in this band. The maximum curve is mostly
locally generated noise.

420-450 MHz B-8 No signals were seen in this band; the maximum curve is slightly elevated due
to locally generated noise.

450-470 MHz B-9 A relatively large number of mobile signals were observed in this band, as
compared to the preceding bands. Some man-made noise also occurs.

In Figure B-1, the measurement system noise level between 108-114'MHz is approximately 10 dB higher
than in the rest of the graph. This is due to the insertion of 10 dB of front-end attenuation for measurements in this
part of the spectrum. The attenuation had to be inserted to eliminate front-end intermodulation in the RSMS due to
the presence of strong adjacent-band signals in the 88-108 MHz commercial FM broadcast band. Inserting the
attenuation reduced measurement sensitivity by 10 dB. The signals that occur in this part of the band are VOR
navigation beacon signals. Although the attenuation could have eliminated low-amplitude VOR signals from
receivability, note that two or three VOR beacons are still apparent in the data below 114 MHz.
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Table B-1. Comments on the Eureka Spectrum Usage Measurements (Continued)

Survey Band Figure Comments

470-512 MHz B-10 No signals were seen between 470-506 MHz. Between 506-512 MHz,
television broadcast channel 20 video and audio carriers were observed. Some
man-made noise also occurs.

512-806 MHz B-11 Three television channels were observed.

806-902 MHz B-12 Many cellular mobile and cellular base station signals were observed. Note that
the cellular base station-to-mobile channels show heavy usage. Some trunked
signals were also observed.

902-928 MHz B-13 &
B-14 .

This band was measured with two different algorithms: swept/m3 and stepped.
In this ISM band, only a few signals were observed. They are at 904.3 MHz,
905.6 MHz, and 925.5 MHz. Otherwise, little or no activity was seen.

928-960 MHz B-15 A variety of mobile and fixed signals, many of them producing large mean
responses, were observed.

960-1215 MHz B-16 This band shows activity from airborne transponder beacons at 1090 MHz.
Other signals seen were low duty-cycle, and are probably associated with
beacon emissions. No TACAN signals were observed, inferred from the fact
that no features appear in the minimum and average curves.

1215-1400 MHz B-17 A variety of long-range radar signals were seen in this band. A local air route
surveillance radar at 1280 MHz is continuously present. The other radars are
transient, and are carried on vessels. Note the radar at 1350-1370 MHz that
operates across 20 MHz of spectrum.

1350-1400 MHz B-18 Approximately nine fixed and mobile signals were observed in this part of the
spectrum.

1400-1530 MHz B-19 Radar spurious emissions were seen up to about 1445 MHz. Above that
frequency, a few mobile signals were seen.

1530-1710 MHz B-20 A few impulsive signals were observed. The RSMS is not capable of
measuring satellite sources, so these signals are terrestrial or airborne.

1710-2300 MHz B-21 This band was measured with the azimuth scan technique, and signals from a
number of point-to-point microwave links were observed. The measurement
system noise floor changes across this scan, improving at higher frequencies.
All of the observed links are analog.**

2300-2500 MHz B-22 Signals from microwave ovens and other ISM devices were seen in this band,
centered at about 2460 MHz.

2500-2700 MHz B-23 This azimuth scan shows a few MMDS television signals between 2500-
2515 MHz.

2700-2900 MHz B-24 This band, commonly occupied by air traffic control and weather radars, shows
occupancy by only a single air search radar at 2890 MHz.

In Figures B-21, B-27, and B-33, sharp stair-step changes occur in the measurement system noise floor
at 2, 4, and 8 GHz. These represent changes in measurement system noise figure at band edges, and are completely
normal for an octave-band preselector such as that used by the RSMS for these measurements.
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Table B-1. Comments on the Eureka Spectrum Usage Measurements (Continued)

Survey Band Figure Comments

2900-3100 MHz B-25 This band, commonly used by tactical radars, shows occupancy by three, barely
observable radars.

3100-3700 MHz B-26 In this band, commonly used by tactical radars, four low-amplitude radar
signals were observed around 3160, 3310, 3415, and 3570 MHz.

3700-4200 MHz B-27 A single digital point-to-point microwave signal was observed (barely) at 4080
MHz.

4200-4400 MHz B-28 RSMS surveys can detect airborne radio altimeter signals in this band if aircraft
flight patterns carry aircraft over the RSMS measurement van. However, in
Eureka this was not the case, and no signals were received in this band during
the survey.

4400-5000 MHz B-29 A few signals were received in this band between 4400 and 4500 MHz. They
appear to be analog signals and are probably from point-to-point microwave
systems.

5000-5250 MHz B-30 No signals were received in this band during the RSMS Eureka spectrum
survey.

5250-5925 MHz B-31 Although this band is commonly used by long-range weather radars, no signals
were observed in this band during the RSMS Eureka survey.

5925-7125 MHz B-32 Three analog terrestrial point-to-point microwave signals were observed in this
band.

7125-8500 MHz B-33 No signals were observed in this part of the spectrum at Eureka.

8500-10550 MHz B-34 The signals observed in this band at 9400 MHz are from short-range search
radars.

10550-13250
MHz

B-35 No signals were observed in this part of the spectrum at Eureka.

13250-14200
MHz

B-36 No signals were observed in this part of the spectrum at Eureka.

14200-15700
MHz

B-37 No signals were observed in this part of the spectrum at Eureka.

15700-17700
MHz

B-38 No signals were observed in this part of the spectrum at Eureka.

17700-19700
MHz

B-39 No signals were observed in this part of the spectrum at Eureka.
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